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METHODS OF SCREENING NUCLEIC ACIDS USING MASS 
SPECTROMETRY 
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righis in this inveniioD. 

Technical Held 

ThU invention relates generally lo mefliods for screening nucleic acids for 
mutations by analyzing fragmented nucleic acids using mass spectrometry. 

INTRODUCTION 

Approximately 4,000 human disorders are attributied to genetic causes. 
Hundreds of geness responsible for various disorders have been mapped, and 
sequence information is being accumulated rapidly. A principal goal of the 
Human Gtaiome Project is to find all genes associated with each disorder. The 
definitive diagnostic test for any specific genetic disease (or piit^disposition to 
disease) will be the id»dfication of mutations in affected cells (hat result in 
alterations of gene function. Fuithermone, response to specific medications may 
depend on the presence of mutations. Developing DNA (or RNA) screening as a 
practical cool for medical diagnostics requires a method that is inexpensive^ 
accurate, expeditious, and robust. 

Genetic mutations can manifest themselves in several forms, such as porni 
mutations where a single base is changed to one of the three other bases» 
deletions where one or more bases are removed from a nucleic acid sequence and 
the bases flanking the deleted sequence are directly Ixniced to each other, Rn<] 
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insertions wherp new bases are insetted « a particuJar point in a nucleic add 
isequence adding additional length to the overall sequence. Urge insenions and 
deletions, often the result of chromosomal recoraWnation and nsamngemem 
events, can lead » partial or complete loss of a gene. Of theae fbims of mutation, 
in general the most difficult type of mutation to screen for and detect is the point 
mutation because it represents the smallest degtee of molecular change. The tetra 
mutetion encompasses all the above-listed types of differences from wild ^e 
nucleic acid sequence. Wild type is a standard or reference nucleotide sequence to 
which variaiiom axe compaied. As defmed, any variation ftom wild type is 
otmaidered a nmtation indudiog nanaally occurring sequence polymoiphisms. 

Although a number of genetic defect* can be linked to a specific single 
point mutation within a gene, e.g. sidde ceU anemia, many are caused by a wide 
apectnira of diffierent mutaUons througbnit the geoe. A typical gene that might be 
screened using the methods desoibed here could be aiq/whcre ftom 1,000 to 
100,000 bases fat length, though sntaller and larger genes Jo exist. Of that amount 
of DNA, only a fmcdon of the base pairs actually encode Ihe prot^. These 
dlacondouou4 protein coding legiotJS are called exons and the remainder of the 
gene is refetred to as iotions. Of these two types of regions, axons often contain 
the most bnponant sequences to be screened. Several complex ppoccduies have 
beoi developed for scanning genes in order to detect mutations, which are 
applicAle to both exons and intions. 

Ofil ElBypyptlffi^sIS' Several of the procedures described below use some fotm o[ 
gel eleeifopharesis. Thereftwe it is wonhwhlte to briefly consider diis separation 
technology before proceeding to the specific methods. In tmrns of cuiteot use, 
most of the mediods to scan or screen genes emplt^ slab or capillaiy gel 
electrophoresis for the stpantion and detection stqi in the assays. Gel 
eleetrophoiesU of nucleic acids primarily provides relative size infomiatiDn based 
on mobility through the gel matrix. If calibration standards are employed, gel 
electrophoresis can be used to measoit absolute and relative molecular weights of 
large biomolecules with some moderate d^ree of accuracy; even then ^icaJly the 
accuracy is only 5% to 10%. Also the moleoiUir weight resolution is limited. In 
cases where two DNA fragments with identical number of base pairs can be 



s. 

separated, using high concentration polyacrylamidc g€is, it is still not possible to 
identify which band on a geJ corresponds lo which DNA fragment without 
performing secondary labeling exparimenis. Gel electrophoresis tcchniquss can 
only determine size and cannot provide any jnfonnation about changes in base 
composition or sequence without perfonniiig mortr complex sequencing xeactions. 
Gel-based techniques, for the most part, are dependent on labeling methods to 
visuali2« and discriminate bctvwen different nucleic acid ftagmcats, 

PNA Spquej\giny: The principal sppioadh currenOy used to screen for genetic 
rautaiioiis is DNA sequencing. Sequencing reactions can be pejfomied to screen 
the full genetic target base by base. Thi« process, which can pinpoint the exact 
location and nature of muiation, requires labeling DNA, use of polyacrylainide 
gels, and a multiplicity of reactions m assess ail bases over the length of a gene, 
aU of which are slow and labor intensive proceduies, [J. Bergh et al. "Complete 
Sequencing of the p53 Gene Provides Prognostic Information in Breast Cancer 
Patients, Particularly In Relation to Adjuvant Systemic Therapy and 
Radiotherapy," Namic Medicine 1, 1029 (1995)J 

For DNA sequencing, nucleic acids comprising difTcrcm exons or small clusters of 
exons are individually amplified, often using polymerase chain reaction (FOR). 
The amplifications are cormaJly peribrraed separately although some mulliplextag 
of reactions is possible. The ainpUfied nucleic acids typically range ftom one 
hundred to several thousand bases in lengfli. Following amplification, the PGR 
products can serve hs templates for standard dideoxy-based Sanger sequencing 
reactions. The four different sequencing reactions are run (or for fluorescence 
deiectioB, one reaction with four different dye terminators) and then analyzed by 
polyi.iylamide gel electrophoresis. Each sequencing run yidds about 300 to 600 
bases of sequence which typically must be read with at least a two to thrre-fold 
redundancy in order to assure accuracy. Using slab geK the attalysis proces; 
typically takes several hours. 
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SSCP : The single sirand conformaiipnal polymorphism assay takes advantage of 
structural variation within DNA that results from rauiation. The mcmod invulvts 
Ibldiiif thi:: biis^b-str^ndecl fonn ot a given nucleic Acid sequence inio a 
thermodynamically diiiecied secondary and tertiary structure. In most cases, 
5 mutated sequences form different structures than the wild type sequence, thus 

permitting separation of mutated and wild type sequences by gel eleciiophoresis. 
Like sequencing, thi,s a^ssay i^s complicated by the need to label molecules and run 
polyacr>']8midc gels. In a typical case, mutations can be located within a genera! 
range of SQ to 200 base pairs, but the exact nature of the mutation cannot be 
10 identified. [M. Orita et al., "Detection of Polymorphisms of Human DNA by Gel 

Electrophoresis as Single-Stranded Conformation Polymorphisms/' Proc. Natl. 
Acad. Sci. USA 86^ 2766 (1989)1 



DGGE : Like SSCP, denaturing gradicm gel electrophoresis assays also 
15 differentiate based on structural variation, but require die use of gradient gels, 

which are difiicult to prepare. The different thermodynamic sublliiy of structures 
formed by ±t mutant sequence, as opposed to wild type, lead to differences in the 
Lemperaiure and/or pH at which tlie molecule will denature. DGGB mutation 
identification and localization properties arc similar to those for SSCP though 
20 sensiiivity is higher for DOGE because not all mutations cause the structural 

changes that the SSCP method depends upon for detection. [E.S. Abrams, S.E. 
Murdaugh & L.S. Lerman, "Comprebmsive Detection of Smgle Base Changes in 
Human Genomic DNA Using Denamring Gradient Gel Electrophoresis and a GC 
Clamp/ Genomics L 463 (1990)] 

25 

EMC : Enzyme mismatch cleavage utilizes one or more em^mes that are capable 
of recognizing inccnupuons in base pairing within a double-stranded nucleic acid 
molecule, e.g. base-base mismatches, bulges, or internal loops. A given length of 
DNA or RNA is prepared in heterozygous form, with one strand composed of 
30 wild type niieleic; acid arwl Ihe other srnind containing a potential mutation. At the 

specific site where the mutadon fonns a mismatch with the wild type sequence, a 
strucmral periurl>ation occurs. An enzyme such as T4 endonuclea&e Vn, RuvC, 
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RiNu^e A» or MutY, can recognize such a srnicairal perturbation and can silc- 
specifically cut the douhle-stranded nucleic acid, creating smaller molecules whose 
sizes indicate the presence and location of tlie mutation. As with the previously 
discussed meihoJjj, this approach as currently used, also requires labeling and geJ 
elecirophonesis. With this method, the site of rautation can be localized to within 
a few base pairs but the exact nature of the mutaiioa camiot he determined. [R. 
Youil, B,W. Kem|>er & R.G.H. Cotton, "Screening for Mutations by Enzyme 
Mismatch Cleavage withT4 Endonuclease VII/ Ptuc. NatL Acad. vSci. USA 92, 
87 (1995)] 

CCM: A variation of EMC is to replace the enzymatic cleavage step with chemical 
cleavage. Chemical cleavage mLsmatch analysis involves the use of neagenis such 
as osmium teiroxide to react with mismatched thymine residues or hydroxylamine 
to react with mismatched cycosinc residues. Cleavage of the modified mismatched 
residues occurs when the modified bases are ssubseqtienily treated with piperidine 
or another oxidizihg agent. The effectiveness of the method is similar to EMC. 
fLA. .Saleeba & R.GJI. Cotton, ""Chemical Cleavage of Mismatch to Detect 
Mutations, " Methods in Enzymology 217, 286 (3 993)J 

HybricJiyaiiun Arrays; Several approaches to screening for mutauonst involve the 
probing of a tai^t nucleic acid by an array of oligonucleotides thai can 
differentiate between oormal wild type nucleic acids and mutant nucleic acids. 
These arrays involve the performance of hundreds or thousands of hybridization 
reactions in parallel with different site-directed oligonucleotides and requires 
sophisticated and costly probe arrays. Hybridization arrays can identify the 
location and type of mutation in many, but not all cases. For example, 
sonihomologous segueniial insertions or targets with repeating sequences and/or 
repeating sequential motifs cannot btr analyzed by hybridization. [A.C. Pease cl 
al., "Light'Generaced Oligonucleotide Arrays for Rapid DNA Sequence Analysis," 
Pros. Natl. Acad. Sci. USA £1, 5022 (i91W)J 
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Simnle screens : For mutaiions localized within a given gene, such as the cystic 
fibrosis AF508 deletion, it t$ also possible to perfomi a single PGR or ligasc chain 
reaction (LCK) assay or simple iiybhdization as?;ays tailored to these specific sites. 
PCR and LCR results are presently determined by the use of labeled molecules, 
where radioactive emissionst fluorescence, chemiluminescence or color chaises 
ai^ detected directly. These simple screen!; amount to a yes/no answer and do noi 
directly idenitfy the nature of the mutalion> only whether or not a reaction took 
place. [P. Fang et aL, ^'Simultaneous Analysis of Mutant and Normal Alleles for 
Multiple Cystic Fibrosis Mutations by the Lig^t Chain Reaaion/ Htunan 
Mutation 6, 144 (199S)] 

All of the methods in use today capable of screening broadly for genetic 
mutations suffer from technical complication and are labor and time intensive. 
There is a need for new methods that can provide cosx cffecitve and expeditious 
means for screening genetic material in an effort U) reduce medical expenses. The 
inventions described here address these issues by developing noveU tailor-made 
processes that focus on the use of mass spectrometry as a g^ttc analysis tool. 
Mass spectrometry requires minute samples, provides cxir^mety detailed 
infoimatton about the molecules being aiuiJyzed including high mass accuracy, and 
is easily automated^ 

The late 1980*s saw the rise of two new mass spectromctric techniques fur 
suoccssfuUy measuring the roasse.^ of ititact very large biomoleculcs, namely, 
matrix-assistsd laser desotptioa'tonization (MALDI) time-of-flight mass 
spectrometry (TOF MS) [K. Tanaka et al., "Protein and Polymer Analyses up to 
m/z lOOpOOO by Laser Ionization Time-of-flight Mass Spectrometry/ Rapid 
Commun, Mass Spectrom. 2, 151-153 (1988); B. Spengler et al., "Laser Mass 
.Analysis in Biology/' Ber. Bunsenges. Phys. Chem. 93, 396-402 (1989)] and 
electrospray ionization (ESI) combined with a variety of mass anaJyzers IJ. B. 
Fenn et Science 246» 64-71 (1989)], Both of these two methods are suitable 
for genetic screening lesis. The MALDI mass spcctrometric technique can also be 
used with methods other than time-of-flight» for example, magnetic sector, 
Fourier-Transform, ion cyclotron resonance, quadropolc. and quadropole trap. 
One of the advances in MALDT analy.sisS of polynucleotides was the discovery of 
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3-hydroxypicolinic acid as an ideal matrix for mixed-base oligonucleotides. Wu, 
et al.. Rapid Conun'ns in Mass Spectrometry, 7:142-146 (1993). 

MALDI-TOP MS invoJves Jaser pulses focused on a small sample plait: 
comprising analyte molecules (nucleic aci<Js) emticdcled in either a solid or liquid 
iHAtrix comprising a small, highly abfsotbiDg compound. The laser pulses transfer 
energy to the matrix causing a microscopic ablation and confX)niitant ionization of 
the analyte molecules, producing a gaseou.s plume of iniaci, (Charged nucJeic acids 
in single-stranded form. If double-stranded nucleic acids are analyzed, the 
MALDI-TOF MS typically results in mostly denatured single-strand detection. 
The ions generated by the laser pulses are accelerated to a fixed kinetic energy by 
a strong electric field and then pass through an electric field-free region in vacuum 
in which the ions travel with a velocity cuueiiponding to their respective mass-to- 
charge ratios (m.'2). The smaller mfz ions will travel through the vacuum i^ion 
faster than the larger nt'z ions thereby causing a separation. At the end of the 
electric field-free region, the ions collide with a detector that generates a signal as 
each set of ions of a particular mass^to-charge ratio strikes the detector. Usually 
for a given assay » 10 to 100 mass spectra resulting from individual laser pulses are 
su3nmed logedier lo itiake a single compo.site mass Rpecirum with an improved 
signal-to-noise ratio. 

The mass of an ion (such as a charged nucleic acid) is measured by ujiing 
its veloci^ lo determine the mass-to-charge ratio by lime-of-flight analysis. In 
other words, the mass of the molecule directly correlates with the time U takes to 
travel from the sample plate to the detector. Tt« entire process takes only 
microseconds. In an automated apparatus, tens to hundreds of samples can be 
analyzed per minuce. In addition to speed, MALDI-TOF MS has one of the 
largest mass ranges for mass spectrometiic devices. The current mass range f or 
MALJI-TOF MS is from 1 to 1,000,000 Daltotis (Da) (measured recently for a 
protein). fR. W. Nelson et al., 'Deteciic^ji of Human IgM at m/z - 1 MDa, ' 
Rapid Commun. Mass S|)ectrum. 9, 625 (1995)] 

The performance of a mass spectrometer is measured by its sensiriviiy, 
mass resolution and mass accuracy. Sensitivity is measured by the amount of 
material needed; il is generally dcsirabJe and possible with mass spectrometry to 
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work v/iih sample amounts in the femiomoJe and low picomoie range. Mass 
resolution, m/Am, is the measure of an instrjmem's ability to produce separate 
signaU from ions of similar massj. Ma&si resolution is defined as the mass, ro> of a 
ion signal divided by the full width of the signal. Am. usually measured between 
5 points of half-maximum intensity. Mass accuracy is the measure of error in 

designating a masfs to an ion signal The mass accuracy is defined as the ratio of 
Che mass assignment error divided by the mass of the iun and can be represented 
as a percentage. 

To be able to detect any point mutation directly by MALDT-TOF mass 

10 ^ctTDmetiy, one would need to resolve and accurately measure the masses of 

nucleic acids in which a single base change has occurred (in comparison to the 
wild type nucleic acid). A single base change can be a mas.s difference of as little 
Mb' 9 Dn. This value represents the difference between the two bases with the 
closest mass values, A and T (A = 2 '-deoxyadenosine -5 '-phosphate = 313.19 Da; 

15 T = 2'-deoxythymidine-5'-phosphate = 304,20 Da; G = 2*-<leoxyguanosme-5*- 

phosphate ^ 329.21 Da; and C 2'-deoxyqrtidine-5*-phosphate = 289.19 Da). 
If during the mutation process, a single A changes to T or a single T to A. the 
inucHnl nucleic acid containing die base traiisveraion will either decrease or 
increase by 9 in total mass as compared to the wild type nucleic acid. For mass 

20 spectromeiry to directly deiect diese transvcrsions, it must dierefoic be able to 

detect a minimum mass change, Am, of approximately 9 Da. 

For example, in order to fully resolve (which may not he necessary) a 
point-mutated (A to T or T to A) heterozygote 50-basc single-stranded DNA 
fragment having a mass, m» of --13,000 Da from its conresponding wild type 

25 nucleic acid, the required mass resolution is m/Am = 1.^,000/9 ^ \ ,700, 

Hnwever> the mass accuracy needs to l>e significantly better than 9 Da to increase 
quality assurance and to prevent ambiguities where the measured mass value is 
near the half-way point between the iwo theoretical masses. For an analyte of 
15,000 Da, ill practice the mass accuracy needs to be Am - ±3 Da = 6 Da, In 

30 this case, the ahsolnte mass accuracy required is (6/15,000)* 100 ^ 0.04%. Often 

a distinguishing level of mass accuracy relative to another known peak in the 
i^pectruni Is sufficient to resolve ambiguities. ?or example, if there is a known 
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mass peak 1000 Da fnom the iriabif peak m question, the relative position of the 
unloiown to the known peak may be known with greater accuracy than that 
provided by an ab£K>tute» previous calibration of the mass speccrometer. 

In order for mass spectrometry to he a useful tool for screening for 
niutatjons in nucleic acids, several ba^ic requirements need to be met. First- any 
nucleic acids to be analyzed must be purified to the extent that minimize.? salt ions 
md other molecular contaminants that reduce the intensity and quality* of the masis 
speciTometric signal to a point where ciflier the signal i^: undetectable or 
unreliable, or the mass accuracy aod/or resolution is below the value necessary to 
detect single ha$e change mutations. S^rond, the size of the nucleic acids to be 
analyzed must be within the range of the mass spectrnmetry-where there i^- the 
necessary mass resolution and accuracy. Mass accuracy and re.solut]un do 
sjgniticandy degrade as the mass of the analyte increases; currently this is 
especially significant above approKimatcly 30,000 Da for oligonucleotides (-100 
bases) TWrd. because all molecules within a sample are visualized during ma^s 
spectrametric analysis (i.e. tt is not possible to selectively label and visualize 
certain molecules and uoi others as one can with gel electrophoresis methods) it is 
necessary to partition nucleic acid san^)les prior to analysis in order to remove 
unwanted nucleic acid prcxhicts from the spectrum. Fourth^ the mass 
spcctromctric methods for generalized nucleic acid screening must be efficient and 
COOT effective in order to screen a largi; number of nucleic acid bases in as few 
steps as possible. 

Tlie methods for detecting nucleic acid mutations ktx>wn id the art do not 
satisfy these four requiiemenis. For exampJe. prior art methods lor mass 
spectrometric analysis of DNA fragments have focussed on double-stranded DNA 
fragments which resuk in complicated mass spectra, making it difficult to resolve 
mass differences between two complementazy strands See, e.g., Tang ct al., 
Rapid Common, in Mass Speclrometiy, 8: 183 186 (1994), 

Thus, there is a need for cost and time effective methods of detecting 
genetic mutations using mass spectrometry, preferably MALDl or ES. without 
^wving to sequence the genetic material and with miiss accuracy of a few parts in 
10,000 ur better. 
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SUMMARY OF TlIE INVENTION 

The present mvenliun provides methods of Hnd kits for (leicciing mutations 
in a lari!et nucleic acid coiDprising nomax)Uomly fragmendng said tiirgei nucleic 
acid to form a set of nonrandom length fragments (NLFs), deteimining masses of 
members of said set of NLFs using mass spectrometr>'^ wherein said determining 
does net involve sequencing of ^id target nucleic add. 

In a preferred embod'nnent, the method of detecting mutations comprises 
obtaining a set of nonrandom length fragments in single-stianded form. The 
masses of the members of the set of NLFs can be compared with the known or 
predicted masses of a f»t of NLFs derived from a wild type target nucleic acid that 
i& die wild type version of the target nucleic acid that is being screened for 
mutations. The members of the set of single-stranded NLFs can optionally have 
one or more nucleotides replaced with mass-modified nucleotides* including mass- 
modified nucleotide analogs. Another optional aspect of the invention is the 
inclusion of internal calibrants or internal self'Calibrants in the set of nonrandom 
length fragments to he analyzed by mass spectrometry' to provide improved mass 
accuracy. 

The present invention includes a number of nonrunilom ttagmenCation 
techniques for nonrandomly fragmenting a target nucleic acid. 

In one embodiment, the nonrandom fragmentation technique comprises 
hybridizing a sicgie-strajided target nucleic acid to one or more sets of 
fragmenting probes to form Jiybrid target nucleic acid/fragmenting probe 
complexes comprising at least one double- Rtninded region and at least one single- 
stranded region> nonrandomly fragmenting said target nucleic acid by cleaving said 
hybrid tai^et nucleic acid/fragmenting probe complexes at every single-stranded 
region with at least uiie single- itrand'Specific cleaving reagent to form a set of 
NLFs, The set of fragmenting probes can leave single-stranded regions between 
double -stranded regions formed by hybridization of said set of fragmenting probes 
Lo ydid largcL nucleic acid. A single- stranded region comprise.? a portion of a 
polynucleotide scqucn;;e as small as a single phosphuJicstcr bridge, i.e, the 
phofiphodiesier bond across from a nick, to 450 nucleotides in length. 
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The fragmenting probes are oligotiucleoiidcs lhat are complementary to a 
nucleotide sequence of the target nucleic acid. A set of fra^jmcnting probes can be 
created such that the iiucleotiJe sequences of the members of the set of 
fnigmeiiting probes represents the entire complement to the nucleotide sequence of 
the targei nucleic acid. For example, a set of fragmenting probes can provide 
complece compleinemary sequence to the target nuclek acid. Akcmatively, a set 
of fragmenting probes, when hybridized to the target nucleic acid, can leave 
single-^'tramled regions. Also, one or more sets of fragmenting probes can be 
xiscd such that the members of one set of fragmenting probes contain nucleotide 
sequencer; that overlap with nucleotide sequences of members of a second set of 
fragmenting pmbes. In yet another aspect, there are provided two sets of 
fragmenting probes, where members of the second set of fragmenting probes 
comprise ac least one single-stranded nucleotide sequence complementary to 
regions of said target nucleic acid that are not complementary to any nucleotide 
sequences in any members of said flrst set of fragmenting probes. 

Once the set(K) of fragmenting probes are hybridized to the target nucleic 
acid, the single-stranded regions arc cleaved using stngle-strand-specific cleaving 
reagents, including enzymatic reagents as well as chemical reagents. Single-strand 
specific chemical cleaving reagents include hydroxylamine, hydrogen peroxide, 
osmium tetroxide, and potassium pennanganate. 

Yet another nomandom fragmentation technique comprises providing a 
single-stranded target nucleic acid» hybridizing the single-stranded urget nucleic 
acid to one or more restricdon siK probes to form hybridized target nucleic acids 
CQitq^rising double*stranded regions where said restriction site probes have 
hybridized to said single-stranded lai^et nucleic acid and at least one single- 
scraaded region* nonrandomly fragnieniing the hybridized target nucleic acids 
using nne or more restriction endonucleases that cleave at restriction sites within 
the double-stranded region^. Anoiher variation on tiiis technique involves use of 
universal restriction probes comprisijig tvi'o regions, Uie first region being single 
stranded and complementary lo a iipecific site within the target nucleic acid, and 
the second region being double-stranded and containing the restriction recognition 
site lo: a particular class IIS restrictinn endoiiuclease. Class ilS restriction 
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endonucieases cleave double^stranded DMA. at a specific distaxice from their 
recognition .site sequence, 

Anotlier lixtuiiquv t\}T nonraicloin rragiiicmiilLuii compris^^s iragxncaunj; the 
target nucleic acid with one or more restriction endonucleases to form a set of 
NLFs. This and the other forms of nonrandom fragmentation can be combined 
with direct and indirect capture to a solid support to isolate single-stranded NLVs 
for mass specirometiic analysis. 

Another nonrandom fragmentation technique comprises providing 
conditions permitting folding of said single-stranded target nucleic acid to fonn a 
thrcc-dimcansional scnzcture having intramolecular secondary and teniary 
inter;tctions» and nonrandomly fragmenting said folded target nucleic acid with at 
least one structure-specific endcmuclease to form a set of single-stranded NLFs. A 
set ot nonrandom length fragments can comprise a nested set of NLFs» wherein 
each member of the set has a S* end of the target nucleic acid. The stniccure* 
specific endonucleases useful for nonrandom fragmentadon comprise any nucleases 
that cleave at structural transitions widiin nucleic acids^ including: Holliday 
junctions, single-slnmd to double-strand transitions » ot at die ends of hairpin 
structures. 

Another nonrandom fragmentation method comprises mutation-specific 
cleavage by hybridizing a target nucleic acid to a set of one or more wOd type 
probes and specifically cleaving at any regions of nucleotide mismatch or base 
mismatch that foim between the target nucleic acid and a wild type probe. The 
mutacion'Specific cleavage can be accomplished using a mutation-specific cleaving 
reagent comprising structure-specific endonuclease or chemical reagents. 

The nonrandom fragmentation methods described herein can be combined 
to form different sets or subsets of nonrandom len|;th frngmems. For example, 
the base mismatch nonrandom fragmentation method using wild type probes? can be 
used in concert with a set of nonrandom length fragments that have already been 
creating using any one of the other nonrandom fragmentation methods. These 
nonrandom fragmentaiiuii melliods can also be combined with isolation methods 
designed to isolate specific sets of single-sirandcd nonrandom length fragtncnis, 
for example, only diose NLFs derived from the + strand of the target nucleic 
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acid. Tbc isolation methods include direci capture of the sei of NLFs to a solid 
support or indirect capture of a scr of NLFs to a hOM suppon via a capture prnbe 
capable of binding to a solid support via covalent or noncovalent binding. Tlic 
fragmenting, wild type, restriction site, and universal restriction probes descriixrd 
herein can be aiso be used as capture probes for isolating a particular sc[ of NXFs. 

The isolation methods also coinprise the use of a solution of volatile salis to 
wash away undcsired contaminants from the set of NLFs tmcnded for mass 
determination in tht mas^ spectrometer. The volatile salts anc useful for removing 
background noise aiid can be casijy removed by evaporation of the voIatiJe salts 
prior to mass spectrometric analysis. Volatile salt solutions can be used in a 
varieiy of different methods to prepare organic molecuie5c such as nucleic acids and 
polypeptides for mass specirometric analysis. Thus, a method is described herein 
of decreasing hacl^grouiid noise, wherein the method comprises obtaining a sampJe 
to be analyzed by a inasi^ spectrometer, washing the sample with a solution of 
volatile salts, and evaporatmg the solution of volatile salts from the sample. 

ITie fragmentation and isolation methods s^arately or together can also be 
cxmibined with the use of internal self-calibrants to Improve the mass accuracy of 
the mass spectrometric analysis. 

The above luethods, separately or in combinatcon, can also be combined 
with the use of mass-modified nucleotides and mass-modified nucleotide analogs 
incorporated in the target nucleic acid or a sec ul NLFs to improve m^tss resolution 
between mass peaks. 

Kits for detecting mucadons in one or more laiget nucleic acids in a sample 
are also provided. In preferred cmbodunents, such kits comprise one or more 
single-stranded target nucleic acids, one or more sets of oligonucleotide probes. 
yfb&mn each of said probes is complementary to a portion of said single-stranded 
target nucleic acids, and various cleaving reagents, including single^srrand specific 
cleaving reagents, restriction cndonucJeascs (both Class 11 and Class IIS), and 
mmation-specific cleaving reagents. The oligonucleutide probes include 
fnigmenting probes* restriction site protH;^, and wild type prober. Such kits can 
also contain a mairiA, preferably 3-hydroxypicolinic acid, llie kits may also 
contain volatile $ail buffers, and buffers providing conditions suitable lor tiie 
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enzymatic or chemical reactions described abave tor aoniandomly fragmenting 
Urgei nucleic acids and isoiattng nonrandom length rragments in preparation for 
m3iS$ spectrnmeiric analysis. Additionally, ihe kk% may contain solid supports for 
puipOsSes of isolating iionrandoni length fragments. 



BRIEF DESCRIFTJON OF TTIE DRAWINGS 
FIG> l\ and IB display examples of resolved nucleic acid fragments 
(DNA) in Ibe 2()<0U0 lo 3U»00U Da range using MALDI^ rOP nia!i» i^pectrometIy. 
Both FTG. 1 A and IB arc positive ion mass spectra obtained from 200 fmolcs of 
DNA in 3-IIPA (3-hydroxypico1inic acid). Each spectrum is a sum of 100 laser 
pulses at 266 nm. FIG. I A: a single-stranded 72-meT which also shnWsS a 71- 
mer. The FWHM resolution Is 240^ clearly resolving matrix adducts (labelled M). 
F!G. IB: S8-mer parent peak has a resolution of 330. 

ilG, 2 is a diagram illustrating the basic steps for mass spectrometric 
analysis of a nonrandomly-fragmcnted. double-stranded target nucleic acid, 

FIG» 3 Is a diagram illustracing die expected mass spectrum for a 
jionrandomly-fragmented double-stranded target nucleic acid that is a heterozygous 
mix of wild type and niutanc nucleic acid where the mutation is an A to T 
tiansversion. 

PIG. 4 A and 4B illustrate the effect on mass resohition of a mass- 
substituted base where a T has been replaced by heptynyldeoxyuridinc during 
amplification of the mutant region. FIG. 4A depicts a mass spectra of a 
heterozygous mix ot wild type and mutiini where A has mutated to T Spectral 
peak5 are separated by 9 mass units. FIG. 4B depicts a mass spectra of a 
heterozygous mix of wild type and mutant where A has mutated to T T been 
replaced by heptynyldeoxyuridine during amplification of the rautanr region. 
Spectral peaks are now separmed by 65 mass units. 

FTG. S is a diagram illustrating the affect of analyzing only positive strand 
fntgmenis from :i heitR>:£ygous sample in reducing the number of total fragments 
aud simpIiiyinL! ihv mass spectrum, 

FIG- 6 is a diagram illustrating the use of restriction site probes to produce 
uonrandom fragments from single-stranded target nucleic acid. Note that in the 
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Step of purifying nojirandoni leriglh fragments, the small cleaved probes will lifcdy 
be removed during purification. 

FIG. 7A and R illuiitrdte the use of fragmenting probes in coiijuncticin wiih 
single-strand-speciiic endonucJease to produce nonrandom fragments from single- 
stranded target nucleic acid. 

FIG, $ \r a diagram ilJustracing the use of fragmenting probes id 
conjunction with siiigle-strand-spc=ific, base-fipeciGc cbeinioaJ deavage lo produce 
nonrandotn fragments from single-siranded taiget nucJi^ic acid, 

FIG, 9 A and B ilJusiratc the use of fragmenting probes to produce 
iiuniandom fragments: from heterozygous, single-stranded target nucleic at;id in 
combination with the use a mismatch-specific cleaving reagent to further fragment 
the target nucleic acid at ihe site of a mutation. 

FIG, 10 is a diagram iliustiattng a mecbud of detecting a mutation u-sing 
mass fipecirometric analysis of nonrandomiy fragmented mucam and wild-type 
double-stranded nucleic acids thai have been denatured and reannealed and then 
cleaved at any mismatch regions. 

FIG, 11 is a diagram illustrating die effect of analysing only positive 
strand fragmentis from a heterozygous sample in reducing the number of total 
fragments and simplifying the mass spectrum. In this case the positive straiid ha:> 
been noiiramiomly fragmcmted using both restricuon endonuclease treatment and 
mismatch-specific cleavage. 

FIG, 12 is a diagram illustrating the use of structures-specific 
endonucleases to nonrandomiy fragment a folded, single-stranded target nucleic 
acid. 

FIG, 13A and B illustrate the use of a ftill length capture probe to isolate 
and purify a set of single-stranded nonrandom length fragments. Shown in FIG. 
13B as an option is a second step involving? cleavage at mutation-specific 
mismatch, iTiis mismatch cleavage is particularly useful for causes where mutant 
DNA is hybridized to wild type. 

FIG, 14 is a mass spectrum nf a set of nonrandom length fragments from a 
target nucleic acid comaining a mutation, wherein the target nucleic acid is 
nonrandomiy fraemenicd widi hycJroxylamine followed by piperidioc. resulting in 
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miitatiun-specLfic cleavage at a mismatch. This mass spectrum illustrates the 
presence of a nonrandom Jength fragmenl of 75 ba^es in si^, lha[ results Iruin 
mutation-specific cleavage. 

FIG. 15 Ls a mass spectium illusirating hydroxylamine fragmentadon of a 
wild type control of the mutation-containing carget nucleic acid of Fig. 14. This 
mass spectrum lacks a fragment of 75 baacs tn size due to the Jack of a mutation 
in the wild type target nucleic acid. 

FIG. 16 is a msiss spectrum of a mutationrcontaining target nucleic acid 
Oiat is specifically cleaved with potassium penoanganaie h( the site of a buse 
mismatch. 

FIG. 17 is a ma2$s spectrum of a set of 5 single-stranded nonrandom length 
fragments from an MNL I digest of a wild typt target nucleic acid of 184 
nucJeotides in length, 

FIGp 18 is a magnified mass spectrum of two fragments, both 26 bases in 
length, identical in nucleotide sequence except fur a single G to A point mutation, 
illustrating clear resolution of the two mass peaks. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The present inventiun, diretled to methods of screening target nucleic acids 
to detecc mutations using mass spectromeiric techniques to analyze post- 
amplification nucleic acids, provides the advantages of technical ease, speed, and 
high sensitivity (minute sampleR are required). The mcdiods described herein 
yield a minimal set ofprvducts with improved mass resolution and accuracy and 
detailed information about the nature and location of the 
mutation in tlie target nucleic acid. 

The present invention involve/? obtaining from a target nucleic acid, using a 
variety of nonrandom fragmentation lechuiques, a set of nonrandom length 
fragments (NLFs) and determining the mass of the meraben of the set of NLFs. 

The targEi nucleic acid car^ he single-stranded or double-stranded DNA, 
UNA or hybrids thereof, from any source, preferubly from a human source, 
although any Rcinrcc which one is interested in screeiiiftg for mutation?; can be used 
in the methods described herein. When the iaj^;ct nucleic acid is RNA, the RNA 
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strand is tiic + strand. If d sired, the fargel nucleic acid can be an RNA/DNA 
hybrid, wherein either sirand can be designated the + strand and the other, the - 
strand. iTie target nucleic acid is generally a nucleic acid which must be screened 
to detennine whettier it coiuains a mutation. The coircsponding tai^et inicleic acid 
derived from a wiU type source is refeired to as a wild type target aucleic acid. 
The Kirget nucleic acids can be obtained from a source sample containii^ nucleic 
acids and can be produced from the nucJeic acid by PGR amplification or other 
amplification techoique. The target nucleic acids ate typically too large to analyze 
directly because currem majis spectrometric methods do not have the mass 
accural^' and resolution necessary to identify a sii^ie bass change in molecules 
larger than 100 base pairs. Accordingly, the target nucleic acids must be 
fragmented. 

Nonrandom length fragments are nucleic acids derived by nonrandom 
fragmemation of a target nuckic acid, and can comprise regions or nucleotide 
sequences thai are singJc-stranded or double-stranded. Due to the simpler mass 
spectrum that results from mas.<! analysis of single-stranded nonrandom length 
fragments, it is preferred to deteroUne the masses of sets of single-mianded 
nimrandom length fragments. The nuraandora length fragments can also contain 
mass-modified nucleotides, wluch can enhance ease of analy-sis, especially when a 
point mutation has resuhed in a very small ma.s.s change (on the ordtt" of 9 Da) in 
a nonrandom length fragmcni as compared lo the corrcap<inding wild type 
nonmndora length fragment. The methods described herein uiw mass .spectrometry 
to detennine the masses of the set ot sets of nonrandom length ftagmems to detect 
mutations in a targ^ nucleic acid. 

The nonrandom fragmentation techniques of the invention aie any methods 
of fiagmentii^ raiclcic acids flat provide a dcfuied set of nonrandom lengtli 
fragments, where that set of nonrandom length fragments may be reproducibly 
obtained by using the same nonrandom fragmentation method on the same target 
nucleic acid or its wild ^ypc version. The medioAs used for nonrandom 
fragmentation arc designed lo optimi/je the ease of analyzing the resulting mass 
$pectr4l data by obi«ining a range of fragment sizes thai ,ivoids significant overlap 
of ma.s.'? peaks. Tjjc nonrandom fragmentation techniques of the tnvention include 
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digestion with restriction endonuclcasej;, sciucture-specific cndonucbases, and 
speciiic chcfmJcal cleiivuge. The enzyinaticr iioiiniiidom fragmeatation Lechziique!; 
include parcial digescion v/ith restriction endonucieases; or stnicture-specific 
endonucJeases. Partial cleavage occurs when not every possible clsavage site is 
cleaved by tbe cleaving reagents iised» whether enzymatic or chemical. 

Fragmenting probes used in the invention ^rt nucleic acids comprising a 
single-stranded nucleotide sequence or regiuo chat is ijomplementary to a 
nucleotide sequence of a target nucleic acid. When fragmenting probes are also 
used as capture probes (i.e. to bind tbe fragmenting probe and any complementary 
nucleic acids hybridized thereto to a solid support), the fragmenting probes 
comprise a first binding moiety thai is enable of binding to a second binding 
moiety attached to a solid support. Upon hybridization of a set of fragmenting 
probes and a target nucleic acid, tbe hybrid can be nonrandomly fragmented using 
one or more cleaving reagents diat specifically cleave single-stranded regions. 

Restriction site probes are oligonucleotides that v&^hen hybridized to single- 
stranded target nucleic acid at specific complemeriEary sequences foni) complete 
double-stranded restriction endonuclease recognition sices cieavable using the 
restriction endonuclease capable of cleaving at or near the recognition sites 
formed. 

Universal restriction probes comprise two regions, the first region being 
single-stranded and complementary to a specific sequence within the target nucleic 
acid< and the second region being double- stranded and containing the restriction 
recognition site for a particular class IIS restriction endonuclease. 

Cupture probes used in the methods described herein comprise fragmenting 
probes, restriction site probes, universal restriction probes^ and any nucleic acids 
that are bound to a solid support to isolate sets o]- subsets of nucleic acids or 
NLFs, Capture probes can comprise a cleavablc linkage or clcavable moiety that 
can be selectively cleaved to release nucleic acids from a solid support prior to 
mass speccrometric ansi lysis. 

Wild type probes arc nucleic acids derived from a wild type nucleic acid 
sequence comprising at least one nucleotide sequence complementary to a 
nucleotide sequence of a tar^^cc nucleic acid or a member of a set of NLFs. Wild 
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type prube^i can be rescriCTion site prohes, fragmcating probes* or capture prvbe.<; 
comprising a wild type nucleotide scqu&nce that when hybridized to a 
complementary muiation-containing region of a target nucJeic acid resulis in a base 
mismatch bulge or loop stnicnire. Wild lypc rei'era to it standard or reference 
nucleotide sequence to which variations are compared. As defined, any variation 
from wild tj'pe is considered a mutation, including naturally occurring sequence 
polymorphisms. 

The term complementary refers to ihe formation of suffioient hydrogen 
bonding between two nucleic acids to stabilize a double-stranded nucleotide 
sequence formed by hyhridizaLiun of the two nucleic acids. 

A single-stranded region comprises a portion of a nucleotide sequence thai 
IS capable of being selectively cleaved hy singJe-strand-specific cicavmg reagents 
or structure-specific endonucleases, wherein the portion of a nucleotide sequence 
can range in size from a single phosphodiester bridge^ i<e. the phosphodiester bond 
across from a nick, to a nucleotide sequence ranging from one to 450 nucleotides 
in length which are not hybridized to a complementary' nucleotide sequence or 
region. 

The types of mass spectrometry used in the invention include ESI or 
MALD1» wherein the MALDl method may optionally include time-oMlight. The 
sigmficant multiple charging of molecules in ESI and the fact that complex inkture 
analysis is generally required mean that the ESI mass spectra will consist of a 
great many spectral peaks, possibly overlapping and causing confusion. Because 
the MALDI MS approach produces mass spectra with many fewer major peaks, 
this method is preferred. 

The methods described herein do not require sequencing of the target 
nucleic acid (using Uie sequencing methods that require four different bai>e specific 
chain cerniinatjon reactions to determine the complere nucleotide sequence of a 
nucleic acid) in order to determine the namre and presence of a mutation within 
the target nucleic acid. 

For an mitial mutation screen, a usefiil range of fragment sizes that will 
allow detcciion of a point mutation is around 10 to 100 bases. This size range is 
where mass spectrometry presently has the necessary level of mas.<i resolution and 
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accuracy. Thl]!^« ibc frugniemacioii methods used in thLs invention are designed to 
produce from the target nucleic acid, a sti of nonrandom Jength fragments ranging 
up to 100 bases in size. For purposes of this invention^ fragmentation mcdiods 
tliat produce a set of random length fragments are not desirable due lo the limited 
5 rtfpfoducibiUty of such fragments, the limited information available from mass 

spcciromctry anaiys^is of ^ucb iragnteais, and die likelihood of spectral overlap 
from randomly generated fragmcms. For example, nonrandom fragmentation 
permits determination of the mass, base composition^ and location of the set of 
NLFs relative to the target nucleic acid, whereui; random fragmentaiiun methods 
ID do noL 

Existing mass spccu'ometric instrumentation in the case of MALDI-TOF 
MS optimally has a mass accuracy of about 1 part in 10,000 {0,01%), four times 
wbac is necessary for detecting a single base change in a SO^base long single- 
stranded DNA fragment. Utilization of mass-modified nucleotides (to be described 

15 later) and nearby masses as internal calibrants, provides optimal resolution and 

mass accuracy of larger nucleic acids, and can extend the usable mutation 
deteaion range up to 100 bases, if nut higher. Coniinued advances in mass 
speccrometric instrumentation will also push this range higher 

Examples of the resolving capabilities of MAU^I-^TOF MS are di&played in 

20 FIG. lA and IB. FlCi. 1 shows the positive ion TOF mass bpectra obtained from 

200 fmoles of DNA in the matrix 3-HPA. FIG. lA (lop figure) shows two single- 
stranded PCR products of lengths 71 and 72 (mass difference = 302 Da = 
Adenosine) as well as die 72mer and 72nier + a single matrix adduct (M) (mass 
difference =^ 139 Da) lo be well resolved (FWHM resolution = 240). FIG. IB 

25 (bottom figure) shows an 88 base length single i^traiideU prodnct having a 

resolution of 330. Both spectra display high enough accuracy and resolution to 
detect a. point mutation if one were present. 

These unique properties of mass spectrometi-y , MALDI-TOF MS in 
panicular, U) ^araie nucleic aciJ fragmciils and identify dietr niass exactly and 

30 the methods taught herein provide novel methods for the screening of target 

nucleic acids and idciilification of chanties in base composition that might result 
from genetic mutation. 
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IMPROVTNG Mass accuracy By Internal Caiibrateun and Internal 
Self-Caubration 

Mass spectrometers are typically calibrated usiiig analytes of kAOwn mass. 
A mass spectrometer can theji anaFy^e aii unalyte of unknown mass wiih an 
associated mass accuracy and precLsion. However, the calibration, and associated 
mass accuracy and precision, for a given mass spectrometry system (including 
MAUDI-TOF MS) can ht significantly improved if analytes of known ma^s are 
contained within die sample comaining the analyte(s) of unknou^-n ina5s(es). The 
inclusion of these known mass aiial>'lcs within the sample is referred to as use of 
internal calibrams. External calibrants, i,e. analytes of known masj; *ai are not 
mixed in with the set of nonrandom lei^th fragments of unknown mass and 
simultaneously analyzed in a mass spectrometer, arc analyzed separately. Exiemal 
calibrants can also be used to improve mass accuracy » but because tliey art aoi 
analyzed simultaneou^sly with the set of fragments of unknown mass, they will nor 
increase mass accuracy as much as internal calibrants do, Anot}»r disadvantage nf 
using external calibranu is that it requires an extra sample to be analyzed by the 
mass spectrometer. For MALDI-TOF MS, generally only two calibrant molecules 
are needed for cotnplete calibration, although sometimes duee or more caUbranis 
are used. All of the emhodiments uf the invention described herein can be 
performed whh the use of internal calibrants to pzx?vide improved mass accuracy. 

Uaing the methods described herein, one can obtain a mas.s spectrum with 
numerous mass peaks corresponding to the set of nonrandom length fragments of 
the gene or target nucleic acid under study. If no mutation is present in the target 
nucleic acid, all of the mass peaks correspondhig to the nonrandom length 
fragments will be at mass-to-charge ratios associated with the set of NLFs from 
the wild type tiirget nucleic acid. However* if the target nucleic acid contains a 
mutation, usually no more than one or two nf the masN peaks will be shifted in 
mass, leaving the majority of mass peaks at unaltered locations. In a preferred 
embodimetit of the inveniion, a self-calibration algorithm uses these uiirautated or 
noiipulymorphic NLFs for interna) calibration to optimize the mass accuracy for 
analysis of the NLFs containing a mutatiotj, Ihus requiring no added calibrant(s), 
simplifying the calibraiion, and avoiding potential spectral overlaps. In a given 
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sampJc, however, it will not be known o priori which mass peaks, if any. arc 
altered or shifted from their expected masses for the: wild type NLFs. 

The seJNcalibration algorithm begins by dividing up the observed mass 
peaks into subset;;, each subset cnnsiRting of all but one or two of the observed 
mass peaks. Each data subsec has a different one or two mass peaks deleted from 
consideration. For each subsec, the algorithm divides the subset further into a firsi 
group of two or three masses which are then used to generate a new set of 
calibration constants, and a second group which will serve as an intenial 
consistency check on those new constants. The inteni<il consistency check begins 
by calculating the mass difference between the m/z values calculated for the 
second group of mass peaks and the values coinesponding to reasonable choices 
for the associated wiid-type NLFs. The imema) consistency check can thus take 
the form of a chi-square nDlnimization where the key parameter is this mass 
difference. The algoridim finds which data subset has the lowest sum of the 
squares of these mass differences resulting in a choice of optimized calibration 
constants associated with group one of this data aubsei. 

After new self-optimized calibration constants are obtained^ the mass-co- 
chargc ratios are determined for the mass peaks omitted from the data subset; 
these are tlie nonrandnm length fragments suspected to contain a mutation. The 
differences from the observed rnass peaks for the wild type NLFs are then used to 
determine whether a mutation has occurred, and if so, what Oic nature of this 
mutation is (e.g. the exact type of deletion, insertion, or point mutation). This 
self-calibration procedure should yield a mass accuracy of approximately 1 part in 
10,000, 

Fragmentation of Tarcet Ni/cixtc Acids 

Fragmtniaiion of a target nucleic acid is imponant for several reasons. 
First, ftagmentatjon aiJows direct analysis of large segments of a gene or other 
target nucleic acid using a single PCR amplification, elimiuuiing the need to 
multiplex or run separately many smalier'Segment PCR reactions. 

Second, sequencing of thousands of bases of a gene or other target nucleic 
acid, by mass spcciromeiry or otherwise, is a complex atxl expea^^ive process. 
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With currcm capabilities in MALDI and EST, it is impractical to sequence nucleic 
acids greater than 50-100 bases in length. ConsequcJttly, ill order io rapidly 
iimm Jarge genetic regions or target nucleic acids using mass spectrometric 
nucleic acid sequencing, an impractical and cumbersome number of jjidep&ndeni 
sequencing reactions arc necessaiy to cover the entire genetic region of inierest. 
Therefore, for screening large genetic regions or targci nucleic acids for a wide 
range of potential mutations using mass spectrometry, fragmentation of amplified 
target nucleic acids ranging from 100 to 1000 base pairi; (bp) facilitates faster 
screemng of larger target nucleic acids or genetic regions of iniere^t. 

Sequencing can ideottfy the exact location and nature of a genetic mutation 
in a target nucleic acid, but requires the use of many primers in many separate 
reactions. Mutations, especially for heterozygous samples analy2ed using 
fluorescence-based systems* arc often difficult to identify with confidence. Using 
the fragmcniation methods described herein, a heterozygous sample would yield 
two distinct mass spectral peaks, correlating lo tlie different masses of the mutant 
and wild t>'pe nucleic acids. Accordingly, the methods described herein can be 
used to detect a mutation in a target nucleic acid unambiguously. 

Third, mass spectrometrlc analysi:i of smaller nucleic acid fragments, 
ranging ui size from 2 to 300 bases, more preferably from 10 to 100 bases in 
length, is desirable because the smaller nucleic acid fragments result in: 

(a) more specific localization of any mutations than fur larger sized nucleic 
acid fragments, 

(b) superior mass accuracy and resolution of nucleic acid fragments in this 
mass range, and 

(c) a multiplicity of mass pealcs that can be used as internal self-calibration 
standards, further improving the mass accuracy. 

For analysis with MALDH01-" MS, the goal of fragmentation is to 
produce a sel of noniandom length fragments ranging in length from 2-300 bases, 
preferably from 20-100 bases in length. Tlie range of lengths serves to better 
separate and resolve the fragment peaks in the resulting mass spectrum. 

Fragmentation of target nucleic acids larger than 100 bases in length can be 
accomplished using a number of means, including cle«'iVHge with one or more 
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DNA reistiiction endonuclea&es targeting spcdfic sequences within doublcs^stranded 
DNA« chemical cleavage at structure-specific and/gr base-specific locations, 
polymerase incorporation of modified nucleotides that create cleavage sites when 
incorporated, atid targeted structure-specific and/nr sequence-specific nuclease 
S trcatniem. 

An exemplary case is where a larger target nucleic acid^ e.g. 500 bases in 
length, is ttottrandomly fragmented to produce 10 to 30 nonrandom length 
fragments chat can all be individually resolved by MALDI-TOF ma«s 
spectrometty. Two diffeiem tioziraudom length fmgments having the same number 

10 of bases can still be resolved from each odier by mass spectrometry when ±ey 

differ in base composition and consequently in mass. Gel electrophoresis methods 
typically cannot resolve equivalent length fragments. 

For example, for a S kilobase pair (kbl target nucleic acid to be fully 
analyzed » using nonrundom length Iragmenis with an average size of 30 bases, 

IS approximately 170 nonrandom length fragments would need to be screened. 

Typically, ibe target nucleic acid would be amplified by a number of DNA 
amplification's^ ~ 10-20, in order to reduce the number of fragments to be 
analyzed in any given sample. Eacb amplified target nucleic acid product would 
be digested using restriction endonucteases, ofcen with four-base recognition sites 

20 to produce the optimal size fragmenis. It is preferable that the fragments vary in 

size to simplify the mass spectral daia, e.g. 32 bp + 28 bp + 27 bp t 37 bp '^ 
, . . , although, as stated above, nonrandom length fragments of the same size could 
poteuttally be analyzed if their base compositions vary enough to minimize spectral 
overlap, 

25 A schematic of the process along with a hypothetical mass spectrum is 

shown in FIG. 2. FIG. 2 illustrates a 161 base target nucleic acid that has been 
PCR amplified and fragmented using restriction etidonuclease.s. The resulting 6 
nonrandom length fragments arc pruduccd. When die laser desorption process 
occurs, during MALDI-TOF mass specttomctric analysis, the 6 double-stranded 

30 fragnienLs are mosHy denatured and Ci\e resulting 12 single-stranded nonrandom 

length fragments are ionized and detected. Shown at Ihe bottom of PJG. 2 is a 
simulated mass spectral data plot with all die mass peaks resolved. 
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As can be seen in FTG. 2 ii is ver>' common that rcstiicdon endomicJcase 
treatment wil[ produce a Dumber of compleiiiencar>' fragments with the same 
number of bases» e g two at 19 and two at 32. The ptcscACe of chese equal- 
length fragments places higher conscraints on the required resolution for 
distinguishing all of the difFeren! peiiks. It is also not uncommon for the two 
equal-length, complementary fragmcniii to have identical or nearly idimtical mass 
values, leaving the possibility that two compIemeniar>' fragments will not be 
resolvable. 

Often samples will be heterozygous, containing a 50% mixmre of both the 
normal wild type nucleic acid and the mutated target nucleic acid. In the case 
where the target mzcJcic ncid carries a mutation in a heterozygous mix, one would 
obser\'e a splitting of peaks within the nonrandom length fragments containing the 
mutation. An example of ibis splitting is shown in FIG. 3 wlicre an A-T to T-A 
transversion or base flip has occurred in one copy of the gene. The expected 
peaks would be half normal licight since their concentrations are halved relative to 
homozygous concentrations. In this case, the difference between mutant and wild 
type peaks would be -9 Da which can be resolved in the 32 base long fragmcm. 
The presence of wild type peaks provides internal self-calihranr^ allowing highly 
aix:urate mass ditTerences (as opposed to absolute mass) to be used to detemiine 
the base composition change. 

The methods described herein permit MALDI-TOF MS anafysis of 
nonrandom length fragments which has a ma&s accuracy of approximately i pan in 
10,000. The use of internal sclfH:alibrant& makes it possible to extend this level of 
accuracy up to and potentially beyond 30,000 Da or 100 bases. This mass 
accuracy enables exact sizing of nucleic acid fragments and the detennination of 
the presence and nature of any mutation, includmg point mutations, insertions and 
deletions, even in a heterozygous environment. Further described herein are 
methods for improving die resolution of individual fr&gmi;nts by means including 
elimination of equal-length complementary pairs through the use single-straiid- 
targeted fragmentsitiun and/or isolation procedures, and the in;:orporation of mass- 
modified nucleotides lo enhance the mass difference between similar sized 
fragments and/or mutant and wild type fragments. In addition, ihcse methods 
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provide for (he removal of salts dnd other deleterious materiak ai; well a$ a means 
for the removal of unwanted nucleic acid fragments prior to in<iss spectroscopic 
analysis. 



5 Mass REsaumoN, Mass Accuracy, and mi-: \Ssk cik MASs-MoDEFiEn 

NL'CLEOTIDSS 

Any of the emhodiTnents of the invention described herein opiionally 
include nonrandom length fragments having one or more nucleotides replaced with 
mass-modified nucleotides, wherein said mass^modified nucleotides comprise 

10 nucleotides or nucleotide analogs having modlficarions that change tbexr mass 

relative to the nucleotides that they replace. The mass-moditled nucleotides 
incorporated into the nonrandom length fragments of the invention must be 
amenable to the en^matjc and nonenz>'matic processes used for the production of 
nonrandom length fragments. For example, the mass-modified nucleotides must 

15 be able to he incorporated by DNA or RNA polymerase during amplification of 

the target nucleic acid. Moreover, the mass-modrfied nucleotides must not inhibit 
the processes used to produce nonrandom IciigUi fragmems, including, inter alia, 
specific cleavage by restriction endonucleafaes or structure-specific endonucleases 
and digestion by single-strand specific endonucleases, whenever such steps arc 

20 used. Mass-modifications can also be incorporated in the nonrandom length 

fragments of the hnvemion after the enzymatic steps have been concluded. For 
c;tamplCp a number of smaU chenucals can react to modify specific bases, such as 
kethoxal or formaldehyde. 

Any or all of the nucleotides in the nonrandom length fragments can be 

25 mass-modificdp if necessary, to increase the spread between their masses. It has 

been shown that modifications at the C5 position in pyrimidines or the N7 position 
in purines do not prevent their incorporation into growing nucleic acid chains by 
DKA or RNA pulyracrase. [L. T>ee et al. **DNA Sequencing with Dye-Labeled 
Terminators and T7 DNA Polymerase; Effect of Dyes and dNTPs on 

30 Incorporation of Dye-l'erminaiofs and Probability Analysis of Termination 

Fragments" Kuc. Acids. Res. 20> 2471 (1992)] For exam^ple, an octynyj moiety 
can be used in place of meihyl on thyniidiTie to alter the mass by 94 Da. 
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Mass-modifying groups can be, lor example, halogen. alkyL ester or 
polyester, ether or pulyether, or of the general type XR, wherein X is a linking 
group and R is a mass-modifying group. The mass jnodifying group can be used 
to introduce defined raafw incremems into the nonrandoni length fragments. One 
of skiJ] in the art will recognize diat then? are numerous possibilities for mass- 
modifications useftil ill modiiyiDg nucleic acid fragments or oligonucleoiidcs, 
including Iho^e described in Oligonucleotides and Analogues: A Practical 
Approach, Eckstein ed. (Oxford 1991) and in PCT/US94/(KH93, which are both 
incorporated herein by reference. 

At larger mass ranges (30,000^90,000 Da), the mafi.<; resolution aiKl mass 
accuracy of cuirent MALDI-TOF mass spectrometers will not be sufficient to 
identify a single base change. For this reason, it may be preferable to increase the 
useful mass range artificially by sub^ituting standani nucleotides within either a 
target nucleic acid or a nanrandom length fragmem with mass-modified nucleotides 
havmg significantly larger mass differentials. Use of mass-modtfied nucleotides 
applies as well to the mass range below 30.000 Da. Mass modification can 
generally increase the quality of the mass spectra by enlarging the mass differences 
berween NLFs of similar size and composition. For example, mass-modified 
nucleotides can increase the minimum mass difference between two noniandom 
length fragmems that are idenb'cal in base composition except for a single base 
which is an A in one NIP and is a T in the other. Normally, these two NLFs will 
diffa^ in mass by only 9 Da. By ineorporatipg a single mass-modified nucleotide 
imo one of the basics, the mass difference can be >20 Da. The spectra in FIG. 4 
depict the influence mass-modified nucleotides can have on fragment resolution. 
One example of the many possible mass modifications useful in chis invention is 
the use of S-<2-heptynyi:i-deoxyuridinc in place of thymidins^. The replacement of 
a methyl grcaip by hcptynyl changes the mass of this particular nucleotide by 65 
Da. An A to T transversion in a nucleic acid fragment in which all tliymidine 
bases have been replaced with 5-(2-heptynyl)-deoxyuridme would produce a peak 
shift of 56 Da us opposed to 9 Da for the same nucleic ackl iragmenis without the 
niHss-modificd nucleotides. The use of niass -modified nucleotides is especially 
impomm in the analysis of NLFs derived from RNA. Normally, the masses of C 
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and II vnry by only 1 Da» making it praciicaliy impossible to detect C lo IJ or U 
to C point mutations within a givea fragment. 

B£N£Fli:S OF ANALYZING SINGLE-STRANDED NUCLEIC ACIDS 
5 Tlie goal of this inv&ntjun j$ the accurate determination of the masses of a 

set of resoJved iiunrandum length fragments and correlation of this data to the 
characterisation of any mutation, if present. The embodiments of this invention 
include ma!» spectrometric determination of masses of the members of a set of 
single-stranded nonrandom length fragmeiUs as well as mass determination of the 

10 members of a set of mass-modified, double-stranded nonrandom length fragments. 

The preferred embodiment is to detect mutations in a target nucleic acid 
comprising obtaining a set of nonrandom length fragments in single-stranded foim. 
wherein the single-stranded nonrandom length fragments are derived from one nf 
either the positive or the negative strand of the target nucleic acid or where the set 

15 is a subset of frs^ents derived from both die positive and the n^ative strands of 

the target nucleic acid. The examples of single-stranded methods described herein 
focus on fragments derived from die positive strand. 

FIG. 2 and 3 illustrate that each double-siranded nonrandom length 
fragment, comprising two complementaiy strands, produces two peaks in the mass 

20 spectrum corresponding to tlie denatured single strands. The additional peaks 

from double-stranded nonrandom length tiagmcnts ai» compared to single-stranded 
nonrandom length fragments add to congestion of mass peaks in the mass spectra, 
as well as introducing the pos^sibility that it may be extremeiy difficuli. if iK>t 
impossible, to resolve the complementary fragments if they have nearly or exactly 

25 identical base compositions. Furdiemiore, some portion of tlie double-stranded 

nonrandom length fragments do not fully denature, and mass peaks corresponding 
to the double-stranded products increa&c the spectral congestion. 

Because specim using both strftnds contain a two fold redundancy in data, 
since any mutation in one strand will be present widtin iia complement^ it is 

30 reasonable to remove one strand prior to mass spcclrometric analysis and still 

produce all of the data necessai-y for complete mutation analysis. For these 
reasons, it is the preferred embodiment to analy/Ji a sci {>f fvingle strands where 
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only om of the two compJcmentary sets nucleic acid fragmeiits represennng ihe 
full target Sf^uenue is used. 

FIG, 5 shows the expected spectmni if oiily ihe nonrandomly fragmented 
positive strand of a target nucleic acid from FIG. 3 is analyzed by wbrs 
spectrometry. Analysis of oiie of the two complementary strands of the double* 
stranded notUAiuJom length fragments halves the number of expected peaks within 
[he mass spectra, allowing more total fragments to be resolved and the possibility 
that longer tout aized target nucleic acids can be analyzed at one time. Removal 
of one of the two strands from each nonrandom length fragment eliminates the 
greatest source of complication for each iipectrd, A numbej- of tnethods for 
isolating and preparing both single-stranded and double-stranded nonrandom length 
fragments for mass spectrometry are described herein. 

Methods of Nonrandom Fiugmentation of Target Nvcixic Auto 

The methods of the invention all involve obtaining from a target nucleic 
acid a set of resolvable, nonrandom-length fragments and determining the mass of 
fee members of thai set using mass spectrometry without sequencing die target 
nucleic acid. All of the methods described hewin involviz^ mas^ spectRimerry 
include inter alia two types of mass spcctromeny, clcctrospray ionization (ESI) 
and matrix-assisted laser dcsorption/ionization time-of-flight (MALDI-TOF). In 
addition to ±e restriction endonuclease approach to nonrandomly fragmenting a 
target nucleic acid, there are a number of other approaches which arc described 
below. 

Nonrandom Fragmentation using RESirKicrroN Site Probes 

Target nucleic acid can be nonrandomly fragmented using hybridization to 
nucleic acid, restriction site probes followed by cleavage with one or more 
restriction cndonucleases the recognition sequences of whith are cotUained in ihe 
restricdon site probes used. "Restriction site probes" are oligonucleotides that 
when hybridized to single-stranded target nucleic acid at specific sequences form a 
complete double-stranded recogniiiun site cleavabic using restriction 
endonucleases. The use of restriciiun site probes is illustrated in FIG. 6, 
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The sequence of a wild type carget nucleic acid can be mialy^ed to 
detcrritine whtcK restriction sites wouki result in an ideul spread of members of s 
set of NLFs. The resiiicliun site probes urtr ibeD made uiiing well-known synthetic 
techniques. The resiriciion siic probes can range from 6 - 100 nucleotides in 
5 length, preferably from 10-30 luideotide^ in length. One advantage of using vety 

short restriction site probes is that after cleavage with the seJeclcd restriction 
endonucleases, the mass of the members of the set of KLFs having cleaved 
restriction site probes attached can be directly determined in the mass spectromeier 
without requiring an isolating step to remove the cleaved testriaion site probes. 

JO On the other hand, if the cleaved restriction site probes are ini^ed to be used 

also as capture probes, then the restriction site probes must cither have a first 
binding moiety that is capable of binding to a second binding moiety attached to a 
solid support or the restriction site probes must have at least one additional 
nucleotide sequence that is complementary to another probe that is bound to a 

15 solid support. A ''capnire probe'' is an oligonucleotide that comprises a portion 

capable of hybridizing to a nucleic acid, such as a target nucleic acid or a 
nonrandom length fragment, and a binding moiety that bmds the capture probe to a 
solid phase, either througii covalent binding ur affinity binding, or a mixture 
dKrcof. A capnzre probe can itself bind to a solid support via binding moieties 

20 (direct capture) or can bind to a solid support via another capture probe that binds 

to a solid support (indirect capture). Also, when the restriction sire probe is also 
used ai> a ciipiure probe, the preferred nmge is from 30-50 nucieoUUes in lengih, 
to stabilize the hybridization of the capture probe. By using larger restriction site 
probes complementary to singular locations on the target nucleic acid it is possible 

25 to prevent a restriction enzyme from cuning at all possible locations in a target 

nucleic acid where restriction sites for a particular rescrictiou endonuclea^pc appear, 
eeg. cutting at only 5 or 10 restriction sites within a single-stranded targei:. This is 
anatlier tor>l tliat can be used to produce the optimal nonrandom length fragment 
set or subset. 

30 An ahemative form of resiriciion site probe is the universal restriction 

probe as described by Szybalski. [W. Szybalski *'Univ€rsal Restriction 
RlKlOT1ucic^sc^;: f3e$igiiiing Novel Cleavage Specificities by Combining Adapter 
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Oligodcoxynucleotide and Enzyme Moieties," Gene 40, 169 (1985) (incorporacecl 
by rcfcrenwe herein)] These universal restriction pmbe$ comprise two regions, the 
first region bcnng &ingle-5Uaiided and complementary to a specific sequence wiihin 
the target nucleic acid, and the second region being double-stranded and containix^g 
fhe restriction recogniliou site for a particular cla^s 115 restrictioti endonuclease. 
Class US restriction endonucleases cleave double-stranded DNA at a specific 
distance from their recognition sequence. i3y using this properi;>', and the 
universal restriction site probe design, it is possible to nonrandomly fragment a 
single-stranded DNA target at virtually any sequencci providing the means to 
better control the selection of fragment sizes. It is also posjiible to mix standard 
restriction site probes and universal restriction probes in a single reaction. 

In this approach, a positive single-stranded target nucleic acid is hybridized 
to oite or more restriction site probes that are compkmratary to one or mo« 
restriction endonuclease recognition sequences within the target nucleic acid. Upon 
hybridization of the restriction site probes to the target nucleic acid, hybridized 
target nucleic acid$ are formed, comprising douhle-!;tranded regions where the 
restriction site probes have hybridized to tte target nucleic acid and at least one 
single-stranded region where the target nucleic acid remains unhybridtzcd to a 
restriction site probe. The double-stranded regions of the hybridized target nucleic 
acids are recognition sites for cleavage by one^ two or more restriction 
endonudeases. After the formation of hybridized target nucleic acids, the 
hybridized target nucleic acids are digested with one, iwo or more restriction 
endonucJeases, the recognition sequences of which are contained within the 
double-stranded regions. 

The resulting nonmndom length fragments have at ieaj^t one cleaved 
restriction site oHgonuciootide probe annealed. In some easels, these cleaved 
probes will be of a size too small lo remain hybridized to the target fragments. 
These nonraitdom length fragmcms can either be purified with the cleaved 
restriction site oligonucleotide probes attached, or the NLF's can be purified from 
the cleaved oligonucleotide restriction site probes. Both (ypes of purification can 
be accomplished using a variety of techniques known in the art. including 
filtration, precipitation, or dialysis. The preferred approach \$ to capture the 
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NLFs to a solid support. The set of nonrandom length fragments can be directly 
captured lo a solid support themselves using a number of means including a 
binding moiety such as biotin incorporated at numerous base positions ttiroughout 
the NLFs. Or che NLFi; can b« indirectly capUired ro a solid support via 
hybridization to one or more capture probes that is itself bound to a solid support. 
The capture probe can comprise the full-length strand of the target nucleic acid 
that is complementary to the strand from which the nonrandom length fragments 
were derived. Alternatively, Hie capture probes can be a set of capture probes 
each containing at least one sequence complemencai>' to said noiu^ndom length 
fragments. 

By combining an asymmetric amplification method to produce single- 
stranded target nucleic acids with the use of restriction site probes, as described 
tietein, one can produce predominandy the desired set of single-stranded NLFs. 
The restriction site probes used to produce the recognition sites may copurify with 
the NLFs but can be designed so that they do not interfere with the majority of che 
mass spectra. For example, the restriction site probes can be designed so that 
after cleavage their fmal sizes arc less than 20 bases in length and the nonrandom 
length fragments can have sizes in die range of 20 to 100 bases. 

The meduKls described above can also be modilied with the use of 
uncleavable restrtcxion probes. These uncleavable probes, synthesized with a 
restriction endonuclease resistant backbone sudi as phosphorothiuale, 
boranophosphate^ or methyl phosphooate, can be used to keep the target nucleic 
acid NLFs tethered together following restriction digest and can provide a different 
approach to purification of the NLFs. 

Fragme-ntation Using FRArrMENTiNG Probes and SiNt^LK-S rKAND-SPucifric 
Cleavage 

While the use of reslriclion eiidonucleases in various combinations and in 
midtiple digests can be an effective approach lo fragmcntacion of the target nucleic 
acid, when a target presents long sequence lengths ( > lOD bases) that do not 
contain any restriction sites, alternative nonrundom fragmentation techniques arc 
preferred. Long > 100 base fragments will be difficull to probe with sufficient 



wo 97/3300D PCT/US97/03499 

33. 

mass accuracy to determine if a base change mutation has occurred. One way tu 
control the .size nf fragments is through the use of fragmencing probes and single- 
strand-specific endoiiuclea.ses. 

Fmgmenting probes are defined as nonrandom length^ single-stranded 
oligoiiucleotides complcmcniary to selected regions of a single-stranded target 
nucleu: acid, and are osed through hybridization to define and differentiate within 
the target nucleic acid regions that are double-stranded versus legioas that remains 
single-stranded. Following differentiation by hybridization the single-stianded 
regions are subjected to cleavage. As is the case for all of the methods described 
here that utilize oligonucleotides, the fragmenting probes may be coniprised on 
DNA, RNA or modified forms of nucleic acid such as phosphorothioatcs» methyl 
phospbonates or peptide nucleic acids, Three examples of single-strand-specific 
nucleases that can be used in these methods are Mung bean nuclease. Nuclease Si , 
and RNaf^e A. These enzymes cut single-stranded DNA or RNA exclusively and 
act as both exo-* and cndonucleases. 

An example of how these probes and enzymes are used follows. A set of 
fragmenting probes of defined si^ and sequence are designed to hybridize to 
complementary regions of the target nucleic acid. It is preferable that the target 
nucleic acid be primarily if not entirely single-stranded. Use of a T7 or SP6 RNA 
polymerase transcription system for final amplification is a simple approach to 
producing the required single-stranded target nucleic acid. AsynunetriiA PCR can 
also be utilized to prodtice primarily single-t^tranded target. 

FIG. 7 shows how different portions of the single-stranded target nucleic 
acid are hybridized to the oligonucleotide probes. Following hybridization, any 
regions of tlie target nucleic acid thai remain single-stranded ar? cleaved using a 
single-strand-^peciflc cndo/e^omiclease, such as SI Nuclease, Mung bean 
nuclease, or RNase A. The size of the single-sirandcd region can be as small as n 
single phosphodiestcr bridge, i.e. the phosphodiestcr bond across from a nick. SI 
nuclease capable of cleaving across from nicks. The end products are double- 
stranded hybrids comprised of two equal length strands: one su-and is a member of 
the set of nonrandoni leiieih fragments derived from the target nucleic acid and the 
other strand is a member ol the set of fragmenting probe?;, wlierein said NLFs an; 
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hybridized to said fragmenting prohe.s. Either these double-stranded hybrids or 
isolated single-stranded nonrandom length fragmeiits derived frani said target 
nucleic add can be used for MALDI-TOF m3^H$ spectrometric unsdysis. 
Preferably^ the analysis of the single^&tranded nonrandom length fragxnems derived 
5 from said target micJeic ac-id provides a simpler mass spectrum. U should be 

noted that when the con)ptementary strands are a mixed DNA/RNA hybrid there 
will be a significant mass diffctcitco between the two strands in all cases, making 
each strand more easily resolvable in the mass spectrum. 

Unlike the restriction endunucleasc nonrandom fragmentation approach, 

10 with this method ii is possible to use a DNA/RNA hybrid providing a couvenient 

route toward digesting the fragmenting probes after nonrandomly fragmenting tlie 
target nucleic acid. Isolation of the set of NLFs from the set of fragmoiting probes 
is another means tn simplify the mass spectra. Because of the different chemical 
nature of the two strands of the hybrid, it is possible to utilize DNA- or RNA- 

15 specific enzymes to digest the fragmeming probes. As an example, DNase can be 

used 10 digest fragmenting probes comprised of DNA while leaving nonrandom 
length RNA fragments intact or RNase can be used to digest RNA probes while 
leaving nonrandom length DNA fragments intact. Ic is also possible to utilize 
different chemistries to spedfically digest one strand or the other. These 

20 chemistries include the ms^ of acid to digest DNA or base to digest RNA as well 

as a multiplicity of odier chemistries that can be use to cut modified versions of 
DNA or RNA. This differential cutting i;an be exploited to purify and analyze 
□nly one of the two strands as described in a later section. 

Thus, anotlicr embodiment of this invention is a method of detecting a 

25 mutation in a DNA fragment from a DNA/RNA hybrid nucleic acid comprising 

obtaining a DNA/RNA hybrid wherein the DNA/RNA hybrid comprises a single- 
strand of a DNA fragment hybridized to a single-strand of a RNA fragment, 
digesting the single-strand of RNA using a RNA-specific reagent, including RNase 
or a base, determining the mass of Ihc single-stranded DKA fragment using mass 

30 spsctrometr)', anc! comparing said mass to a masJ? of a wQd type single^stracded 

DNA fragment. Atiotl>er embodiment is a method of detecting a mutation in a 
RNA fragment from a DNA/RNA hybrid nucleic acid comprising obtaining a 
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ONA/RNA hybrid wherein chc DNA/RNA hybrid comprises a singk-strand of 3 
DNA fragment hybridized to a single-strand of a RNA fragmetit, digesting the 
single-strand of DNA using St DNA-specifIc reagent, inchidii^ DNase or an acid, 
detecrnining the mass of the single-stranded RNA fragment using mass 
spectrometry, and comparing said mass lo a mass of a wild type single -stranded 
RNA fragment. These embodiments can also be applied to a act of DNA/RNA 
hybrids, and using the DNA-specific or RNA-spccifit digestion to leave a set of 
nonnrndoin Jengrh fragments consisting of DNA Jragmems or a set of nonrandoni 
length fragments consisting of RNA fragments. 

Complete digestion using restriction endonucleases produces a series of 
fragments that can he aligned end to end but do not overlap. With the use of 
fragmenting probes and single-scrand-specific cleaving reagents described herein, 
one can design a set of sequence and size specific fragn^cming probes thai can be 
used to produce a set of nonrandom length fragments such that one or more 
members of the set comprise a nonoveilapping nucleotide sequ^ce and a 
nucleotide sequence that overlaps with a nucleotide sequence of another member of 
the set. The example shown in FIG. 7 uses a set of sequence and size specific 
fragmenting ptubes that overlap (e.g. split into two sets of hybridiration reactions) 
to produce -an overlapping set of nonrandom length fragments. The set of 
nonrandom length fragments that overlap could be nested. By using a sei of 
overlapping nonrandom ler^gtb fragments lo screen for a mutation, one can more 
narrowly localia the region containing a mutation. If two overlapping 
nonrandom length fragments both contain fte mutation, as is the case in FIG. 7, it 
is then known that the mutation exists within the small region of overlap. 
Conversely, if only one of the overlapping fragoiems contains a mutation, it is 
known that flic mutation cannot be in an overlapping region This approach plus 
the ability to design certain fragmenting probes to be very small in size, e.g. 10 to 
20 bases (typical fragmenting probes will be anywhere between 10 and 100 bases 
in length), allow.s one to probe genetic regions that are known hot ^spots for 
mutation with greater detail. 

One variant of this method is to use single- strand-specific chemical reagents 
as a means lor cleaving a target nucleic acid urgct into a set of nonrandom length 
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fragments. tSeveral base-specific cleavage chemistries have been idcntiiied that 
cleave the: nucleic add backbone a( base-specific sites that are single &(ra!Ulod and, 
under Dpcimal conditions, demonstniLe zero or eAlicmeiy reduced cleavage levels 
at base-specific sites that are double-stranded. As an option the target nucleic acid 
S can be synthesized using one or more modified nucleotides in order to make the 

backbone more vulnerable to chemical cleavage. By using fragmenting probes to 
hybridize to a target nucleic acid at all sites except the specific locatioas where 
cleavage is desired^ it is possible to limh cleavage to these single-stranded sites 
and create a sequence-specific set of nnnrandom length fragments. The method, 

10 schematized in FIG. S« can utilize one of a number of difiertmt chemistries that 

are known to be single-strdnd specific including hydrogen peroxide cleavage 
and/or 2-hydroperojcyteirahydrofuran cleavage at [P. Richterich et al. 
"Cytosine specific DNA sequenciQg with hydrogen peroxide" Nuc* Acids Res- 23, 
4922 (1995); Liang, P. Ganmt & B, Gold **The Use of 2- 

15 Hydroperoxyietrahydrofuran as a Reagent to Sequence Cytosine and to Probe Non- 

Walson Crick DNA Stniclures" Nuc. Acids Res. 713 (1995)J. Target nucleic 
acids that contain cleavage-modified nucleotides can be made by incorpunition of 
modified micleockle triphosphates during an amplification or polymerization step. 
A second variant of this method is to create heterozygous hybrids between 

20 the wild type fragmenting probes and the target nucleic acid. By using 

fragn^niirs probes comprised of wild type sequence, any hybrids that form with 
mutant sequence containing u point mutation will create a base mismatch or bulge. 
If the mutation is a small insertion or deletion, a looped out sequence will occur. 
With this heterozygous hybrid, it is possible to use one of the structure^ specific 

25 enzymes or chemistries described in the following section to create a mutation- 

specific cleavage at the site of a mutation. An example of the pattern of 
nonrandom length fragments produced is shown in FIG. 9, This approach 
permits determination of the type and location of the mutation that has occurred. 
Also as will t>e described, performance of a mutation- specific cleavage relaxes the 

30 masR accuracy and resolution constraints, thus increasing the usehii size range for 

tlie noniandom length fragments to be analyzed with MALDl-TOF mass 
spectrometry to a range of several hundred bases. 
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MUTATION-SPKCIKIC CLEAVAGE USING STOUCTUKE-SPEanC ENDONUCLEASES 

Anoihcr noiirandoin fragmentation techniijue involves the use of muution- 
specific d«;avage ac base mismatch regions, if preseai. using strucmre-specific 
endonucleases or single-strand-specific cleavage. Creation of mismaich regions 
requires hybridization between a mutation containing, single-stranded taiget 
nucleic acid and a set of one or more sing1e-s:randed complememary wild type 
probes derived from wild type sequence- Wild type probes can be restriction site 
probes, fragmenting probes» or capture probes comprising wild type nucleotide 
sequence that when hybridized to a compJemenisry mutacionH:omaining region of ji 
caiget nucleic acid results in a base mismatch bulge or loop structure. A base 
mismatch will be cneaied at die Jocation of the muution. In one embodiment, the 
mutation conraining positive strand is hybridized to a compfcmcfflar>' wild-type 
probe that comprises the entire negative strand, [n the preferred embodiment, die 
complex of mutation containing positive strand hybridized to one or more 
complementary, wild type nucleic acid probes is fragmented using either 
restriction endonucleases, or fragmenting probes coupled with u single-strand- 
specific cleavage reag^t. Any base mismatch regions between die set of wild 
type probes and the set of Nr-Fs can be specifically cleaved using odc or more 
mismatch-specific cleaving reagents. Examples of diese reagents include: 
stiTictuic-specific endomicleases such as T4 codonuclease VII, RuvC, MuiY. or the 
endonucleolydc activity from the 5'-3^ exonuclease subunit of thermostable DNA 
polymerases, single-strand-specific enzymes such as Mung bean nuclease, SI 
nuclease or RNase A, and single-strand-specific chemistries such as 
hydroxylanmie, osmium teiroxide. potassium pcitnanganate, or peroxide 
modification of unpaired bases followed by a backbone cleaving oxidation step. 

This mismatch-specific cleavage is used to cleave die mutaiion-containinp 
nonraddom Jenglh fragmeni at the siie of the muUition. thus producing two smaller 
frdgmenis from cfic larger mutation-containing fragment. This approach is an 
efficient and simple way to idemiiy die exact location of a mutation as well as its 
type. The mismatch-specific cleavage used in combination with one of the 
nonrandom fragmentation methods described herein can be u.sed to fragment » 
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large (>200 bases), single-siranUed target nucleic acid into a t»t of smaller, mass 
resolvable nonrandom Jength fragments. 

Like EMC and CCM, the misiTiatch-specific clcuvugc approacl) uUlizi^s a 
mLsmatch targeting reagent to cut at the point of mutation. The approach 
5 described herein improves upon the gel (^Iec:trophnresi^-hased methods by focusing 

on relatively small fragments that lake maximum advantage of the mass 
.spectrometer's ability to detect the exact size of a fragment leading to the 
identification of the exact location and nature of a mutation. The EMC and CCM 
methods must be followed by DNA sequencing in order t£} fully characterize a 

10 mutation, Usir^ the methods dejscribcd herein, a mutation in a target nucleic acid 

can he detected and its location and nanire determined without any sequencing. 

An example of bow a structure-specific enzyme like T4 endonuciease VII 
can be used for mismacch-specific cleavage is shown in PIG, 10. The first step 
involves cwo amplification reactions. First, a target nucleic acid suspected of 

15 containing a mutation is amplified. Second, tJic corresponding wild type target 

nucleic acid is amplifted to create wild type probes. These two amplification 
reactions can be performed together in one tube if the target nucleic acid is a 
heterozygous mixture of mutam and wild type. For certain diagnusiic procedures, 
it may be more efficient to produce the wild type probes separately prior to the 

20 screening process. The next steps involve fragmentation of the target nucleic acid, 

e.g. a muliiple digest of the target nucleic acid using more than one restriction 
endonuclease. and a step in which the fragments; are mixed, denatured, and then 
annealed. The fragmentation and denaturing/annealing steps can occur in either 
order. The purpose of the deiiaturing/anneaiing step is to produce a mixture of 

25 hybrid target nucleic acids. In a 50:30 mixture of mutant target and wild type 

nucleic acids, four different products result: 25% homozyguus mutant double- 
stranded nunranclom length fragments, 25% homozygous wild cype double-stranded 
nonrandom length fragments, and 25% each of the two forms of heterozygous 
mutant/wild type hybrid nonrandom iengUi fragments. See FIG. 10 (ilJu?rtrating 

30 the use of wild type NLFs as wild type probes to generate a base mismatch with 

mutant NLFs), The hetero?.ygouH nonrandom length frafimem.s contain at least one 
base mismatch at the site of mutation, i.e. the pnint(s) of sequence variation 
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between niutani arri wild type. The iiexr step iiivulv&s treatment of the nonrandom 
Jengch fragments with a mismatch-specific reagent ilm cleavers at the site of flie 
base mismatch in the hetEwygous muunt/wild type noonindom length fragments. 
These new cleavages (the number of cleavage events will depend on the particular 
enzyme used) typically reduce the noiirajidom length fragment containing the 
mutation into two smaller nonrandom length fragments. The 50% of the mixture 
that contains the homoTygous douMe^strandcd nucleic acid fragments with no 
mismatches will not be cleaved during the mutation-specific cleavage. 

Example schematic mass spectral plots are shown in FIG. lOB. An 
expected spectrum would show a reduction in the peak size of th€ nonrandom 
length fragment containing the tese mismatch that is cleaved by the siructujv- 
specific endonnclea^e (e.g. peaks 32+(Mut), 32+(Wt). 32-(Wt), and 32-(Mut)) 
and the introduction of several smaller pealcs at lower raas^ses iJian the mutant 
peaks representing the set of heterozygous mutant/wild type NLFs that contain 
base mismatches (see peaks 8+ (Mm), 8+(Wi)» 11-, 2|-(Wt), 21-CMut), and 
24+). ITicsc peaks corresponding to the hctcro^'gous NLFs containing ha$e 
mismatches are reduced in intensity' but continue to be present since only 50% of 
the molecules exist in the heterozygous form that can undergo the mutation- 
specific cleavage. 

It is possible lo bias the population of the dzfTerent 
heteruzygous/homozygous forms by performing the amplifications of the target 
nucleic acid asymmetrically. TTius, one can rnaximizc the types of noniandoiy\ 
length fragmenLs yielding mutational data with the majority of the duplex formed 
during the annealing process being heterozygous positive (+) suand mutant and 
negative (-) strand wild (ype. 

While it is possible to observe similar patterns using gel elecfrophoresis 
techniques, the mass accuracy obtained by ma^ speccrometry provides the 
advantage of accurate determination of the namre nf the muiation and the ability to 
determine the size and order of the two nonrandom length fragments created by 
ihe mutation-specific cleavage. In ttic example in FIG. lOIi, the resulting 
mismatch-specilic cleavage fragments arc represented by sizes 8, 11. 21. and 24 
nucleotides in length. Using electrophoretic techniques, it would be impossible to 
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differcnEiate the two mutant forms at S and 21 (fragmenis 24+ and 12- do not 
possess the tiiutaat base and are identical in heterozygnus toims C and D), nor 
woulJ it be possible lo directly d(;|jenuine whicli fragiu&nt is upsaeani <toward the 
5' end) and which fragment js dowastream (to waul the 3' end), e.g. in the positive 
5 strand it is (1+ that i% upstream from 24+ . By providing exact mass values, 

mass spectrometry allows theise strands to be ordered based on mass value 
database comparison wiUi the Ijagments expected from the known ^quence of the 
wild type target nucleic acid- By completely IdentHying Ihe location and nature of 
the mutation this mass spectrometric method chminatcs any need for sequencing 

10 tlie target nucleic acid. 

FIG. lOB shows how the mismatch-specific cleavage event adds complexity 
to the mass spectra, in the eixample shown» there are several locations where 2, 3, 
and even 4 different NLFs have the potential to overlap in the mass spectrum, 
making the fttll spectrum difficult to rasolve. As discussed previously* and shown 

15 in FTG. 5, the mass spectra can be greatly simplified by perfoimins the mass 

spectrometric analysis on only the + or the - sLrands of the nonrandom length 
fragments. For example, FIG. 1 1 shows the set of nonrandom length fragments 
that are derived by analy^iirig only the H- positive strand of the mutant target 
nucleic acid. By eliminating the homozygous nonnindom length fragments that are 

20 not mutation^spccifically cleaved and removing the negative strand from the mass 

spectrometric analysis, the totaJ nutnber of nonrandom length fragments to be 
analyzed can be reduced from 20 to 7, with no two mass peaks having the same 
nLimbeT of nucleotides , Of course, in other situations, two peaks may be from 
nonrandom length fragmerus of the same length depending on the type of mutation 

25 present, but such sioiatioiis will be infrequent. 

This mismatch-specific cle;^vage, like the incorporation of mass-modified 
nucleotides, extends the usable mass range of iJie initii^l target nucleic acid for 
mass spectrometric analysis since the primary mass accuracy needs arc in 
deterniming the reduced ma^ss of the nonrandom length fragments created by the 

30 mutation-spec itic cleavage and not m detenninii>g ihe mass of the other nonrandom 

length fragments that arc unaffected by ihe mutation-specific cicaviige. 
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It is not always necessary to fragment the target nucJeic add in :aiuiefu 
with mjsmatcli-^peciilc cleavage if the size of the nonrandom length fragxjients 
created by the mismatch-specific cleavage is small encugh io Jail into the usable 
mass range with the nccessaiy mass resululion and accuracy. Target nucleic acids 

large aR 200 base pairs will yield at least one nonrandom length fiagmenc 
ciieated hy ite mutation-specific cleavage whereiti Ihe nonrandom length fragments 
can be a size less than 100 base pairs, e.g. a 200 bp target nucleic acid with 9 
muiaiion at position 135 will pmdtrce Jionmndom length fragments of 65 and 135 
afier cleavage at the sice of base mismatch. 

Fragmentation Using SnRircnMrSfEciFic E\donuclsa5ES 'ix> Clkave a 
Fo^riED TARG>:r Ni^txEic Acid 

Another nonrandom fragmentation method of the invention involves 
providing a target nucleic acid that is either a positive or a negative single-strand: 
providing conditions permitting folding of Ihe single-stranded bigei nucleic acid to 
form a three-dimensional structure having intramolecuhir secondar}' and tertiary 
interactions, and nonrandomly fragmenting the folded target mtcleic acid with at 
Icaat one stiucmre-specif ic endonuclease to form a iiet of single-stranded 
nonrandom length fragmenLs. A diagram of this procedure is provided in FIG. 12- 
An example of conditions that permit folding of the single-stranded target nucleic 
acid are heatirjg lo denamration followed by slow cooling to pcnnit annealing to 
form a Iheimodynamically favoi^d secondaiy and terLiar>' structure. The 
structure-speciilc endonucleases include: T4 eiulunucleasc VII, RuvC, MutY, and 
the endonucleolytic activity from the 5*-3' exonuclcase subunit of thermostable 
DNA polymerases. 

An altemative to the use of stractuie-specific endonucleascs is the use of 
some of the same single-strand-spectfic chemical cleavage procedures describe 
earJiei in the text. Because of the higher frequency with which tliese reagents 
might cleave relative to the structure-specific cndonucleases, it is necessary that 
the secondary and ternary staictures formed by the 5; i tig Je- stranded target be more 
compac:, limiting the accef5s of tlie uhemiLaJ reagents to the various renctive 
nucleotides. Approaches to forming these more compact structures include 
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performance of the reactions at lower temperatune, under higher salt conditions, or 
the use of RNA versiiis DNA sbice RNA is known U) form more complete 
secondaiy and teniary structures. U^iiig this method, the cieavage reaction can bt 
rcn to completion to produce a standard sei of nonrandom length fragments or run 
5 only panially with the potential of producing a nested set of products thai can be 

analyzed by mass spectromeKty or by electrophoresis methods. 



PLRincATroN Methods 

When analyzing nucleic acids. in::1uding nonrandom length fragments, by 

10 mass spectrometry, there arc several requirements thai need to be mci. 

First, SIS has been described earlier, is the need to produce fragments within 
the resolvable range and high mass accuracy range of the muss spectrometer. 

Second, is to eliminate from the sample^ nucleic acid fragments that do not 
contribute to the analysis and may unnecessarily convolute the mass spectra. With 

15 analysis metfiods such as gel electrophoresifi, a mixture of specifically labeled 

nucleic acid fragments (radioactive or by fluorescent tagged) can be visualized in 
the presence of other unlabeled nucleic acid fragments that comigrate but are 
invisible and therefore do not convolute analysis of the gel data. The mass 
spectrtymetric methods described heiein do not use any form of labeling thiit could 

20 render certain fragments invisible, e.g. the negative strand in a double-stranded 

produa* and it is therefore necessary to remove such fragments prior to analysis. 

Third, is the iieed to produce samples of relatively high purity prior to 
introduction to the mass spectrometer. The presence of impurities* especially 
.salts, greatly affects the resolution, accuracy and intensity of the mass 

25 spectixjmetrit: signal Contaminating primers, residual sample genomic DNA» and 

proteins, all can affect the quality of the mass spectra. 

In addition to the three reciuircments lifted above it is also desirable for the 
methods LO be aniejiaWe to automation, fast and inexpensive, providing an 
effective approach for detecting genetic mutation.s. 

30 Existing purificaiion methods are all designed to work with labeled 

mnlecules that were typically analyzed by gel electrophoresis. As well as utilizing 
labels, electrophoresis i$, to a certain degree, tolerant of impurities including salts 
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and proteiixs. For mass spcctrometric analysis, prior art panTiciiHon methods such 
as precipicaiion combined wich vigoroa^ alcohol washes, filtering atid clialyMs, anJ 
ion exchange chromatography ai-e unsacisraccury because they cannot climinaic 
unwanted nucleic acid tra^ments and normally do noi remove all salts from a 
sample. Solid pluisc approaches such as glass bead capture under hieh salt 
conditions, biotin/sireptavidin binding, direct solid-phase covalent link;agc> and 
capture via hybridization to solid phase bound oligonucleotide probes can be used 
tn eiiniinatf unwanted nucleic acid fragments but typically require high levels of 
salt daring many of Che wash steps, rendering the products less puit and 
compromised for mass spccirometric analysts. 

The purifications ntechods of the present invention are better suited to mass 
spcctrometric analysis of nucleic acids Chan die prior art methods. First, the 
methods herein physically isolate selected sets of nucleic acids from a multiplicity 
of irapuritieji including undesirable nucleic acid fragments, proteins^ salts, that 
would result in a poor quality mass ^ecttum. Second, the methods optionally use 
a soludon comprising volatile salts such as ammonium bicarbonate, dimethyl 
ammonium bicarhotiate or tiimethyl ammonium bicarbonate in any of the steps, 
including hybridization, endnnuclease digestion or washit^. These two differences 
are fiignificarit advantages over the prior an because r (1) physical separation of the 
desired set of nucleic acid frdgments for mass spectrometric analysis is better than 
the iabeiUng methods of the prior art that do not physically separate ihe target 
nucleic acids from a variety of other impurities that imerfere with an accurate 
mass spectrum: and (2) the use of volatile salts in any of the steps precludes the 
need for any wash step known in the prior an to merely remove salts or inorganic 
ions. 

Double Strand Fraginenr Capture Approaches 

There are a number of basic ways to purify DNA resiriciiun pr[)duccs from 
salts and other small molecules including precipitation, filtering, dialysis, and ion 
exchange chromatojiraphy. While all of these methods are effective, they are not 
all equally useful for removing amplification primers, residual DNA, i.e. genomic 
DNA, or any proteins used. In addition, none of Hie basic approaches meet? all of 
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the requiremeots of automation, speed and cose. The approach dial comes closest 
ts the u»e of .small ion exchange ii'pjn columns^ which arc :^amcwhat expensive and 
not simple 10 intcgnire into an automated setup. These small \<m exchange spin 
columns can, however, produce higli quality nucleic acids for mass specrmmciric 
analysis. A better alternative is the use of (magnetic) glass beads to 
capmre/piecipitate nucleic acids of a specific size range and allow them to be 
rigorously washed. However, this method, like all of the other prior an methods 
described above, does not allow for the removal of unincoiporaied DNA primer 
since they are of the same size as the nonrandom length fragments to be analyzed 
and cannot be simply dilferentiated. 

Another general approach to purification of double-siraoded fragments is to 
directly capture die target nucleic acid and/or a set of nonrandom length fragments 
by one of three means: (A) hybridization to capture probes comprising a first 
binding moiety that specifically binds to a second binding motety attached to a 
solid phase: (B) binding the target nucleic acid or the members of the set of NLHs 
each comprising a nucleotide sequence and a first binding moiety to a second 
binding moiety attached lo a solid phase; or <C) direct covalent attachment of the 
target nucleic acid nr the members of the saet of NLFs to the solid support. Each 
of these methods has advaotageii ;iod disadvantages. 

(A) Hybridization to solid support bound capture probes is straightforward^ 
specific, and can be made theimodynamicaliy aiuf kineiically favored by 
opcimizing the size and concentration of the capture probes. Optimizadon is 
necessary since the set of NLFs would generally prefer to hybridize to their 
complements rather than to the capture probes. (This approach also works well 
for single-strand isolation as described in the following section,) A variuiion is lo 
bind the prnbes to the solid phase after hybridizaiion to target. Both 
biotin/strcptavidin and covalent approaches for linking the probes to the solid 
phase are feasible. The principal concern with this appniach is that maintenance 
of the hybridization, especially during wash Steps, requires relatively high level of 
salts and makes it more difficult to produce a salt-iree product for mass 
spectromeiric analysis. SoiuLlons to this probJem include tlie use of relatively long 
capture probes to increase melting temperatures or the use of volatile salts that can 
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be removed prior to mass spectrometric analysis. The use of volaiile sahs is 
described in more detail elsewhere. 

(B) Bioriii coupling to streptavidin (or avidin) requires that any largcl 
nucleic; acid or nonrandom length fragment to be captured contain a biotin. It is 
straighitur^ard to capture the tai^et nucieic acid bcxau&e biotinylated primers can 
be used in the PGR amplificaiion. In order to capture all of "he fragments after a 
restriction digest, it is necessary to incorporate biotin into a[l of the fragments. 
Three possible rouies for biotin labeJing are, (1) the inclusion of a biotinylated 
nucleoside triphosphate during fragment synthesiii, (2) rhe use of a DNA 
polymerase to fill in at 5' restriction overhangs using a bioLinylated nucleoside 
triphosphate, and (3) the use of iigase u> ligaic a biotinylated oligonudeonde at the 
restricLfid ends of the nonrandom length fragments, where the oligonucteulides are 
eiUier complementary to the restriction sequence overhangs or are capable of hlunt 
end ligation. 

Each of the three approaches have their probtems but are feasible. Bimias 
incorporated in method (1) may Inhibit the restriction endonucleases lo be used and 
prevent the use of stnicture-specific nucleases in a second mutation-specific step 
since the biotin may be recognized as DNA modifications to be excised. Mediod 
(2) is more feasible but requires a preliminar)' cleanup step to exchange the nomial 
tiiphosphaies for biotinylated ones. Restriction shcs are limited to enzymes that 
produce 5' overhangs. Method (3) is wore geiierahzable than (2); its principal 
weakness is competiiton with larger fragments that will want to relegate. 
However, this competition can be overcome by using an excess of the biotinylated 
linkers. 

(C) The approach of direct covaJent attachment of NLHs or target to a solid 
support faces inany of the same diallcnges as the biorini'sirepiavidin approach but 
also includes the need to design specific, ' hot** (i.e. fast and ciricient) bindmg 
chemistry working with low conccntratiDTis nf nwieriaJ. 

The target or member?: of a set of NLFs can be covalently attached to a 
solid support using any of tlie number of methods commonly employed in the an 
to immobilize an oligonucJco:ide or polynucleotide on a solid support. The target 
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or NLFs covalently atu&iied to the solid support should bc± stable and accessible 
for base hybridisation. 

Cuvalent attachment of the target or NLFs to die solid support u^ay occur 
by rcaciioQ bccwccn a reactive site or a binding moiety on the solid support and a 
reactive site or another binding moiety attached to the target or NLFs or via 
intervening linkers or spacer molecules, where the two binding moieties can react 
to form a covalem bond. Coupling of a target or NLF to a solid support may be 
carried out through a variety of covaient attachment ftinctional groups. Any 
suitable functional group may be used to attach the target or NLF to the solid 
support, including disulfide^ carbamate, hydrazone, ester, N-funciionalized 
thiourea, Amctionalized maleimide, streptavidin or avidin/biotin, meicuric-sulfide» 
gold-sulfide, amide, thiolester, azo» ether itnd amino. 

The solid support may be made from the following materials: cellulose, 
mtrocellulose, nylon membranes. controHcd-pore glass beads, acrylamide gels, 
polystyrene, activated dexiran, agarose^ polyethylene, functionali2Cd plastics^ 
glass, silicon, aluminum, steel, iron* copper, luckel and gold. Some solid suppon 
materials may require functiunulizatioD prior to attachment of an oligonucleotide or 
capture probe. Solid supports thai may require such surface modification include 
wafers of aluminum, steel, iron, copper, mck^U gold, and silicon. Solid x^upport 
materials for use in coupling to a capnire probe include runctionalized supports 
such a« the l,r'Carbonyldi]midazole activated supports available from Pierce 
(Rockford, IL) or ftinciionalized supports such as those commercially available 
from Chiron Corp. (Emeryville, CA). Binding of a target or NLF to a solid 
support can be carried out by reacting a free amino group of an amino-modifiod 
targer or NLF with the reactive imidazole carbamate of the $olid support. 
Dispiacem&Jit of the imidazole groiip resuUs in formation of a stable N-alkyl 
carbamate litikagc between the target or NLFs and ihe support. 

The target or NLFs may also be bound to a solid support comprising a gold 
surface. The target or NLFs c^m be modified at their 5 '-end with a linker arm 
terminating in a thiol group, and the modified target or NLFs can bo chemisorbed 
with high affinity onto gold surfaces (Hegner, et al., Surface Sci. 291:39-46 
{1993b)). 
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In all of the mechods in which a solid-phase approach t$ used» Ihe double- 
stranded nonrandom length fragments can be rigorously washed lo rtmovc 
deleterious contaminants. Followitig washing it is mc^Hstiry to release these 
fragments from tbe solid support for mass spectromccric analysis. The isolation of 
a set of NLFs may \yt performed on the same place that is used within (he mass 
spectrometer. Both the capture probe hybridization and bioDii/streptavidin 
approachc& can use heat and/or pH denatiiration to disnipt the noncovaleni 
interactions aiul afford release of the set of NLFs bound to the solid support. 
Atrematively, a cleavabic linkage can be incorporated between the first binding 
nioieiy .ind the NLFs. Any covalent coupling chemistry will need to be either 
reversible or it will be necessary to include a separate chemically cieavable linkage 
somewhere within the bound product. It may also be useful to use a chemically 
deavable linkage approach with the bJatin/strepiavidin strategies so that letea.^ of 
the double-jstranded fragnients can be performed under relatively mild conditions. 
In all cases the cieavable linkage can be located within the linker molecule 
connecting the biotin and the ba% (e.g.a disulfide bond in the ijnker}» within the 
base itself (e.g. a more labile glycosidic linkage), or within the phosphate 
backbotie linkage (e.g. replacement of phosphate with a phosphoramidate). 

One altenuuive to these solid-phase approaches described dbove is to 
capmre the target nucleic acids prior to nonrandom fragmentation wi(h one or 
more restriction endonucleasea. Rigorous washes to remove polymerase, salts, 
primers and triphosphates required for amplification are followed by treatment 
with minima] amnums of restriction enzyme under very low salt conditions. This 
mixmre is then directly analyzed in the mass spectrometer. Mass spectrometry 
can tolerate salts if tlieir conceniracions are low enough and a limited class of 
restriction enzymes can work under very low salt conditions. 

The low salt approach doe^ limit the restriction sites that can be cleaved (is 
part of the methods of deteaiiig mutations. Many restriction endonucleases 
requiiie a significant level of salt. An attractive alternative to limiting Ihe 
restriction endonuclease cleavage reactions to low levels of salt is lo replace the 
salts normally used with vohitile .salts. These saks, such as ammonium 
bicarbonate, dimeCiylanimonium bicarbonate or trimethylammoiiium bicarbonate. 
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can he removed prior to mass specirumecric analysis through simple evaporation. 
Evaporation can be accelerated by placcnjcnl of the sample in a vacuum, such as 
the mass ^ectromcicr sample chamber, or by bearing the sample. 

AjTRUACHES to CAPTIfEUNG SlNOLE-S^TRANDCD TRAGmNlS 

described earlier, analysis ol singl(sstranded nonrandom length 
liagments is generally preferable since it provides a complete set of data with the 
minimal number of fragments and therefore simplifies the spectra and facilitate^s an 
increiase in the total length of nucleic acid thai can be analyzed in a single assay. 
A number of approaches, as described above, can be taken Toward the production 
of single-stranded fragments and their purification which includes the el'unination 
of undesircd fragments. 

If DN A testiiction endonucjeases are used to produce the nonrandotn length 
fragments, it is necessary that the target nucleic acid have a douhle^siranded form 
prior to restriction, or more specitically» that the restriction endonuclease 
recognition sites be located in double-stranded DNA. The alternative co having 
fully double-stranded DNA prior to restriction is to hybridize restriction sire 
probes to single-stranded DNA, whei^in the restriction site probes are 
complementary to the restriction sites for selected restriction endonudeases. 

The basic known meibods for DNA isulaiiun - precipitadon, dialysis, 
filtration and chromatography do not isolate single-stranded from double-stranded 
DNA. If diese purification methods are employed it is necessary to add a separate 
step where single-strand isolation is performed. 

Isolation of a set of single-stranded NLPs can be accomplished using a 
of capture probes. "Capture probe* " arc oligonucleotides or polynucleotides 
compriijing a single-stranded region complementary to at least one nucleotide 
sequence of tite single-stranded NLFs to be isolated and a first binding moiety. 
The first binding moiely in cupabk of covalent or noncovalent binding to a. .second 
binding moiety attached to a solid support. The capture probes can comprise a set 
of capture probes, each of which contains j;ingle-stranded rc^gions coniplemencary 
to a corresponding member of a set of NLF.s. A capture probe can also comprise 
a fuU-lcngth single-stranded target nucleic acid that is complementary to Che 
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nucleotide sequences of rhe members of a set of NLF^j. The ;;aptHre probes can be 
bound lo d solid support using the methodi5 described above for binding a target or 
set of NLFs to a solid stipport. 

If restriccion endunucleascs arc used to produce j^onrandnm Jengih 
fragments from DNA, the prcfcired method for isolaiing single-strand fragments 
from these products is to use a select set of capture probes, in one embodiment 
the capture probe conshts of either fijil length positive or full length negative 
strand where the strand Im been modified lo contain a sohd-phase binding moiety. 
The process using full length negative strand modified to contain a bioiin at flie S' 
end is illustrated in FIG. 13. The capruic probe is mude and the target nucleic 
acid is fragmented in two separate reactions. Following inactivation of the 
restriction enzymes the probe and double-stranded fragment are mixed, denaturtjd 
and annealed producing a hybrid product of posidve strand fragments annealed to 
fiill length negative strand capture probe. The capmre probe can be bound to the 
solid phase via a biotm-streptavidin interactinn prior to or following of the 
probe/fragment hybrid. Folbwing die necessary wash steps the fragments an? 
released and analyzed by mass spectromeoy. Optiotiaily. the fragments can be 
probed for a mutation-specific base-base mismatch and fragmented using one of 
the mismatch specific reagents described earlier. Illustratioros of the different 
spectra produced without and with the optional second siqj are shown in FIG, 13. 
Note tliat after mutaiian-speei&. mismacch-specttic cleavage fisgmems that are 
distal from the solid phase binding site will be released imo solution and washed 
away, therefore, not analyzed. Lose of these fragments can enhance the ability for 
mass spectrometry to quickly and easily identify the site of nautation. 

An alternative approach to using restriction endonucJeascs is the use of 
fragmenting probes. These have been described in detail above, and allow the use 
of a larget nucleic acid consisting of either DNA or IINA, The final pt^ducts, 
using fragmenting probes and singlc-strand-specific nucleafies, iire double -stranded 
and thus without any additional steps do not themselves produce the sec of sinele- 
srraiuled. nonrandom length fragments necessary for analysis. However, there are 
several approaches thai can be used to yield single-stranded noivandom length 
fragments. 
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Tbe first approach for producing singlc-siranded noniandojm length 
rragrncnls is useful when the target is RNA and the probes are DNA or visa vt-rea. 
In ihis case, the double-stranded producL'; arc RNA/DMA hybrids and can be 
selectively created with either a DNA or RNA specific nuclease Lo yield the 
opposite NLF iiitsict. Acid or base treatments are also an option. These single* 
stranded products can Lhen be i^lated using a number of conventional methods 
described above. 

A second approach to produchig singje-strandcd products for mass 
bpectmrnetr)- Ls to atLich the sdze and sequence specific capmrc probes to a solid 
support before or after hybrtdizatiun to the target nucleic acid and the singie- 
i^trdnd -specific cleavage. Since (be probes are bound to the solid phase it becomes 
possible to capture, wash^ and then selectively release the nonrandom length taj^get 
fragments as single-strajided molecule.^. Following any wash steps, the nonrandom 
lengtli target fragments are removed from the solid support by denaturation of the 
double-Rcrarbded complex. Once released, the single-stranded fragments can he 
directly analyzed by the mass spectrometer. 

One of skill in the art will know how 10 use capture probes to capture 
singlc-stiands of a set of NLFs to a solid support in all the embodiments of this 
invention. For example biotinylated capmre probes can be used 10 capture single- 
stranded fragments following cleavage of the target nucleic acid with restriction 
endonucleases (optionally after ncumdizing the restriction endonucleases). llie 
use of capture probes provides a relatively high level of flexibility to select which 
set of NLFs to analyze at any given time. Large caphire prohes, capf)ble of 
hybridizing to all or .several differem fimgmenis, can be used to capture the 
Iragments correlating to one strand of a utrgcl nucleic acid, e.g. a capture probe 
that is tiill length negative strand. A short capture probe or combinations^ of 
shorter capture probes can be used to selectively choose particular fragments from 
cither birand to analyze in a given mass spectrometric sample. For example^ if 
several fragment:^ share similar sizes it might be preferable to analyze them 
separately. 

A.S another embodiment, a full length largei nucleic ncid can be captured 
before restriction digestion using a capture probe that is nuclease resistant. In this 
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case it is necessEiry lo modify the capture probe, typically by changing the 
backbone composition from phosptiate to a phosphorothioatc, ztieihyl phosphorxaie 
or botano-phosphace. [UhJinanii and Peyman, "Amisease Oligonucleotides: A 
New Therapeutic Principltr/' Chemical Reviews 90(4):543-584 (1990) 
{incorporated by reference herein)] These forms of modification limit cutting on 
tlic probe strand, resulting only in Oie nicking of the iHrget moJeculc to create 
sequence-specific, nonrandom Iwigfli I'mgrnents without creating any double 
stranded breaks. By leaving the modified probe strand intact, it is possible to 
quiclcly capture the nonrandom length fragments to the .solid phase and purify for 
mass spectrometric analysis^ 

All of these isolation or purificntion methods can be utilized in cases where 
a mutation-specific cleavage event is utilized. In order to prescnc a base mismatch 
mutaiton for cleavage, a heterozygous, double-stranded molecule must be present. 
Typically this means that the fragmenting probe 15 composed of the wild type 
sequence and is hybridized to the target nucleic acid fragments containing the 
potemisilly mutated largct nucleic acid, 
VoiAiiLi: Salts 

Tile methods of tiiis inveniioii include the use of volatile satis, which i& an 
innovative alternative to NaCl, MgCL, or other commonly ased salts. Volatile 
salts are any salts that completely evaporate, leaving little or no sale residue in Ae 
sample to be analyzed in the ma^s spectrometer, for example* tho isolated set of 
NLFs- Volatile salts useful in the methods described hereto include ammonium 
bicarbonate^ dimethyl ammonium bicarbonate and trimethyl ammonium 
bicarbonate. These volatile salts are useful m many difTerent aspects of the 
methods described herein, including use in hybridizing of nucleic acids, wajihrng 
nucleic acids to remove unpurities, and digestion of nucleic acids with 
endonucleases or other enzymes. Rather than performing washes at reduced levels 
of nonvolatile salts, which might cause the nontandon) length target fragments to 
denature fronj a solid support bound oligonucleotide probe, it is a preferred 
embodiment to wash support-bound nonraiidum length fragments in the prciienoe of 
relatively high levels of NliHCO,, e.g. 100 mM, and then to evaporate the 
volatile salt prior to analysii> by mass spectrometry. Volaiile sait$ are useful for 
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bulTcr oxchaagc Jd all cases where nucleic acids 'arc to be analyzed by mass 
spectrometry. 

Solid phase purificatscn schemes involving DNA hybridization coinmanly 
de;scribed in rbe Jiternture do not focus on Uie removal of salts since gel 
electiophoresis tcchinques are much moic tolerant of sails than mass spectrometiy. 
[S. Wang, M. Krinks & M. Moos '^DNA Sequencing from Single Phage Plaques 
using Solid-Plia&e Magnetic Capture" Biotechniques 18, 130 (1995); R. 
SanJaltzopoubs & P. Becker ''Solid-Phase DNase I Footprinting" Boehrlngcr 
Mannheim Biochcmzca 4, 25 (1995); both incorporated by reference herein] 
These methods are primarily focus oc the removal of strands complementary to 
tcmpbte prior to enzymatic reaction and/or enzymes and unincoiporated billed 
nucleulides ur primer>i following reaction. In such schemes residual salt levels can 
be as high as lOQmM NaCl and 25 mM MgCU. Mas$ spectrometry is intolerant 
of salt concentrations of this level. [T. Shaler et al. '^HffecL of Impurities on the 
Matrix- Assisted Laser Desoiption Mass Spectra of SiQglc-Strandcd 
Oligodeoxynucleotides'' Anal. Chem. 68, 576 (1996)] The methods described 
herein using volatile salts provide an innovative approach to isolating and handling 
target nucleic acids and/or nonrandom length fragments for mass spectrometric 
analysis. 

The voJatile salts can be removed from the sample prior to mass 
spectrometric analysis by evaporation. Evaporation of the volatile salts can foe 
enhanced using a variety of methods, including use of vacuum, heating, lammar 
ilow of a dry gas over the sample, cr» in the case of ammonium bicarbonate (or 
dimethyl- or trimcthylammonium bicairbonate), reduction of the pH by addition of 
an acid, including 3-HPA, can speed up the decomposition of the salt into 
ammonid (or dimethyl- or trimcthylammonia) and carbon dioxide. Volatile salts 
can be used in a variety of methods, beyond those described here, for preparing 
samples of any number of organic molecules, including proteins^ polypeptides* and 
polynucleotides, for mass spectrometric analysis. 

Each of (he nonrandom fragmentation techniques described herein can be 
used in combiniiticn with any of ihc isolation methods also described herein. 
Moreover the nonrandom fragmeniacion techniques can be used in combination 
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with each other, as one of orUinary skill in the art using the lechciqiies described 
herein how to coinbin<! the different aspects of the invennon. For c;Lample« the 
iDulaJioji-specific cleavage technique can be cotnbined with a 6iei oi restriction 
cndonuclefase-deaved KLFs. All of r)wsc iturlhody and combitiaTioas thereof can 
optionally include use of ma&s-moditied nucleotides, internal calihranis and volaiile 
salts, 

The kits described above for nonrandomly fragmenting target nucleic acids 
and dcLcccing mutations in one or more targel nucleic acids can aJso contain a 
combination of different means of nonraadomly fragmenting the target nucleic 
acids a& well as diffcrtait means of isolating the nonrandom length fragments that 
are lo be analyzed by mass spectrometry. 

Tlic following examples are provided to illustrate embodiments of the 
invration, but do not limit the .scope of the inveniioix. 

EXAMPLE S 

Example 1 . PGR AmpUrication of Source Nucleic Acid$« 

PCR methods have been extensively developed during the last decade. An 
example protocol i^ as follows. A sample containing 10-10,00U copies of a source 
DNA molecule is mixed with two anliparalle] DNA prhners thai surround a largcicd 
sequence, e.g. the coding region for a gene involved in carcinogenesis. The PCR 
mix h coniposed of: 8 ^1 2.5 mM deoxynucleoside triphosphates, 10 pd lOX PCR 
buffer, 10 25 mM MgClj, 3 ftl lO^M forward primer, 3 /il lO^^M reverse primer. 
03 ^1 tfiermostabie Taq DNA polymerase, 64.7 /zl H^O, and 1 /cl source DNA. The 
sample hibe is scaled and placed imo a iliemial cycling device. A typical cycling 
protocol is as follows: 



St«p 1 


95*C 2jnin. 


Step 2 


95 'C 15 SBC. 


Step 3 


55'C 15 sec. 


Step 4 


72 *C 1 min. 


Step 5 


rt^eat Steps 2-4 35 times 


Step 6 


72 'C 5 min. 


Step 7 


stop 
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Example 2. Production of Single-Stranded Nucleic Acids by Asymmetric PCR. 

The basic PCR procedure can be modified in order to produce predominamly 
t>iiB of iht two ^tmncls. These asyramctrxc procedures involve modifying the nitios 
of the \v/o primers, a typical ratio \s 10: 1 . 

5 

Ejtamplc 3, Production of Single-Stranded DNA >1a Biotlnyldted PCR Products. 

?or the pnpsiRtion of capture probes one of the two primers can be 
synthesized with a biotin moieiy zntcrnAlly or at the 5' end of the oligonucleotide. 
Following a stEindaid PCR, die double-strsnded product can be bound to a solid-phase 

10 surface coated ^vith ^treptavldin. For example, 10 pmol of double-stranded PCR 

product is mixed with 5 $lI MPG | 10 mg/mlj paramagnetic jstreptavidin-coated beads 
in a binding/washing buffer of 2.0 M KaCl 10 mM TrisCl, 1 inM EDTA, pH 8.0. 
The solution is incubated for 15 min. at room temperature with oiixitig. Following 
incubuljon the tube is placed next to a high Held, rare earth magnet and the 

IS paiamagnecic beads with the bound biotinyJated PCR product are precipitated to the 

wall of the mbe. The xupematant is removed, and the particles, outside the influence 
of the magnetic field, are resu^pended into bmding/washing buffer. The beads and 
wash solution are mixed and theti subjected once again to tlie magnetic field to 
precipitate the magnetic particles. The supernatant is once again removed and either 

20 the wash seep is repeated or the alkaline denaturation step commences, in order to 

release the unbiotinylated strand from the double-stranded product die beads axe 
mixed with an alkal ine denaturation soiution, 0, 1 M NaOH. The beads zrc incubated 
at room temperamre for 10 min. which denatures the PCR product and releases the 
unbiotiiiylated product into soluiiou. The biotinylaied strand, bound to the magnetic 

25 beads Is precipitated from the solution under the magnetic Held and unbiotinylated 

strand, now single-stranded, i.^ transferred Lo a new Cube with the supernatant. In an 
optional secondary step, the now single-stranded biotinylated strand can be freed from 
the magnetic beads by boiling the beads in water for 10 min and transferred with the 
new supernatant after magnt^tic precipitation of the magnetic heads. 



30 
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Example 4. Mass ModJHcati n of Target Nucleic Acids- 
Mass modification of the target nucleic acid is perfonncd during the 
ampuflcation step. Que or mnre sinnd^iiJ deoxynucleoside triphosphates are replacscd 
With modified deoxynudeoside triphosphates. As an example thymidine is replaced 
with a 5'aikynyl-sub5tinjted-2'-deoxyuridine triphosphate. Because the modified 
nucleotides may not be efficient sub.strates for IWA polymerase it may he nccessaxy 
to increase the concentration of the corresponding triphosphate by a factor 012 to 100 
over normal levels. 



Example S. Nonrandom FragmcntatiDrt of Uouble-Strandcd Target Nudetc 
Acidft Using Restriction Endonucieases 

Specifically-sized, double-strand DNA products produced, for example, by 
PCR arc subjected to sequence-specific fragmentation using restriction endonucieases. 
As an exampte, 10 pmuJes of a 500 base pair PCR product is treated with one unit 
each of the frequcndy cutting enzymes Mnl 1 and HinP I in the buffer recommended 
by the enzyme supplier. The reaction is incubated at 37 'C for 1 houi-, followed by 
an enz>ine-denaiuring incubation at 65 for 15 min. 

Example 6. Nonrandora FVagmentation of Single-Stnitided Target Nucleic 
Acids Using Small Oligonucleotide Restriction Site Probes in 
Combination mth Restriction Endonucieases, 

Single stranded DNA target, produced, for example^ by asymmetric PCR or 
by the solid phase methods described in Example 2, is mixed v^ith small 
oligumicleotide restriction probes complementary^ to selected rciciricttun site locations. 
As an example, a set of 10 base long probes targeting the Has III recognition 
sequence, are syndicsi2£d with the sequence 

(SEQ ID NO: 1) 5^ NNNGGCCNNN T. where the N\s are chosen lo allow the 
restriction site probes to fully complement the single-stranded target DNA at the sites 
where the Hae III recognition site (e.g. the probe (SEQ ID NO; 2) 5' 
GACGGCCAAA 3' to complement the target sequence (SEQ ID NO: 3) 5' 
...TTTGGCCGTC... 3'). The mixture of target and probes, dissolved in the 
restriction buffer to be used in the cleavage step, is denatured at 95'C and then 
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incubated at 32 'C (Uie average T„ inelticg temperamre for the prQl)es>) for 15 min. 
allowing the probes to anneal to target and producing a mixture of siDglc-strandcd and 
double-stranded regions within the target nucleic acid. The hybridized product is then 
cleaved at the double-stranded sites using one or more specific restriction 
5 endonucleases (e.g. Hae ni\ under conditions similar to those described Jn Example 

3. 

Example?^ Noiirandoni Fragmentation rtf Singie-Stranded Target Nucleic 
Acids Using Fragmentation Probes In Combination with Single- 
10 Strand-Specific Endcinudeaseii. 

Single-stranded DNA target^ produced, for example^ by asymmetric PCR or 
by the solid phase methods described in Example 3, are mixed with fragmenting 
probes complementao' to the targcc DNA. As an example, a mixture uf probes with 

15 sizes of 24, 26, 2i, 30, 32* and 34 each with sequences complemeniary to different, 

nonoverlapping regiuns of ihe sLiigle-stranded target DNA, The mkmre of target and 
probes, dissolved in SL nuclease digest buffer comprised of 50 mM NaAcciate pH 
4.5, 2fi0 mM NaCL 50 mM MgCl^, and 4.5 mM ZnSO, are denatured at 95'C and 
Ihea incubated at 55 *C (the average T„ for the probes) for 15 min. allowing the 

20 probes to anneal to target and producing a mixture of fiingle-srranded and double* 

stranded regions within the target nucleic acid. The hybridized product in then 
digested in the single-stranded regions using 1 U Si nuclease per ^g target DNA, 
incubated at room temperature for 30 min. 

25 Example 8. Nonrandnm Fragmentation of Single-Stranded Target Nucleic 

Acids Using Mismatch-Specific Clearage, 

Example 8,1 . Chemical Cleavape at Mismatched Cvtosine 

30 A iieterozygous, mutation-containing DNA target is produced, either by PCR 

of a heterozygous source nucleic acid or by hybridiz^aiion uf wild-type probes to a 
mutation- containing sitigle-stranded target DNA, For solid phase capture and 
purification protocols the DNA probes are s>'nthesized either chemically or 
enzyraatically in such a way as to conluin biorin moieties Ry cither route, when a 

35 mutation is present a mismatch forms becwccn Lhc largci and wi]d type. A cleavage 
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soluiion of hydroxylaniiiie is prepared by dissolving L39 g of hydroxylamine 
hydrochloride in 1 .6 iiiL ol wann H,0 followed by the drop wise addition ofl .75 mL 
of dieiJiyiamiDe to yield a solution of pH 6, A 6 mL sample of douWe-strandcd DNA 
coDiaining a imsmalch site is mixed with a 20 mL of hydroxylamine solution and chc 
resulting soluiiuTi is Incubated at 37C for .10 minutes. The reaciion is slopped by the 
addiiion of 374 mL of H,0 and tte solution is removed either by solid phase capture 
Of the reaction products using magnetic beads with washes performed in a similar 
mraier to that described in Example 3 or by multistiep ccntrifugatxon iti a Microcon- 
30 ultrafiltration unit (Araicon). The reaction products are redissolved in 45 mL of 
H,0 and 5 mL of piperidine is added. The solution is incubated at 90C for 30 
niimitcj* and then placed on lee to cool. A 300 mL portion of ILO 1$ added and 
samples^ are either evaporated to dryness or purified by one of the two methods 
described in Examples 9 and 10. 

A typical mass specinuti obtained from Ihe hydroxylamine fragmentation at 
a point munition is shown in HG, 14, The source DNA in this case is a seciion of 
the coding sequence for the p53 gpne. A 1 U base long PCR product is produced as 
in Example 1 , amplifying p53 from codon 1 88 to 233 containing a heterozygous point 
mutation in codon 213, CGA-> TGA, The forward primer containing a 5'-biotinand 
a chemically labile linker within the primer, the reverse primer being a standard 
oligonucleotide. The mistnatch containing PCRproduct is treated with hydroxylamine 
as described above, cleaving the mtsmaich at C in ccxlon 213, The product is 
purified as described in Example 10, and analyzed as described in Example. II. A 
strong peak appears at the mass correlating to a product 75 bases in size identif>ing 
that a C is present in a mismatch in the first position of codon 213. An analysis of 
mutation-free wild l>ps, shown in FIG. contains no mismatch an<l therefore no 
cleavage occurs. 

Example 8.2. Chemical Cleavage ac Mismatched Thymine 
DNA is obtained in a similar maimer to Example 8.1. The modification 
reagent is a 20 mM solution of KJMnO, in dciotiiied RO. To 6 mL of double- 
stranded DNA containing a mismatch site is added 14 mL of the modtficariun 
reagent. The solution is mixed gently ai room temperature over the counse of two 
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minutes during which time the solution turns slightly brown. A 20 mL portion of a 
solution consLstmg of t.2S M sodium acetate pH 8.5 and containiug ] M 2- 
mcrcaptoethanol is added to stop the i eaction. which ttsuk^ in the solution becoming 
inunediately colorJess. A 360 mL portion of ILO is added and the solution i.s either 
5 spun through a Microcon-30 uUrafiltriHtian uniL 2X» collected, and then evaporated to 

diyness or taken through a solid phase capture and wash protocol. The DNA is 
redissoWed in 4S mL of H,0 and 5mL of piperidine is added. The resulting soiution 
\s heated to 90C for 30 minutea and then placed on ice to cnoK After it cools, the 
solution is diluted by the addition of 300 mL of H.O and ihcn evaporated to dryness. 

10 As an alternative the cleavage products can be purified by one of the two methods 

described in Examples 9 and 10. 

A typical mass spectrum obtained from the KMnO^ fragmentaiion at a point 
mutation is shown in FIG. 16. Tlie source DNA in (his case is a section of the 
coding sequence for tlie p53 gei>e. A 134 base long PCR product is produced as in 

15 Example 1, amplifying p33 from codon 188 to 233 containing a heterozygous point 

mutation in codon 213 » CGA- > TGA. The forward primer containing a 5''biotin and 
a chemically labile linker widiin the primer, the reverse primer being a standard 
oligonucleotide. The mismatch containing PGR pnxluct is treated with KMnO^ as 
described above, cleaving tJic mismatch at C in codon 213. The product is puriHed 

20 as described in Example 10, and analyzed as described in Example 11. A strong 
peak appears at the mass correlating to a product 75 bases in size identifying that a 
T is present in a mismatch in the first position of codon 213. Based on the data from 
the analysis in FIG, 14 and FIG. 16 it is possible to confinn that a C->T mutation 
hu3 occurred In this p53 sample, 

25 

£xample 9. Purification of Nonrandom Length Fragments Using Capture Probes 

Nonrandoin frfigmentf? arc purified by unTiealin^ iv U capture probes, llie 
capture probe or probes consists of a sequence or sequences complementary to the 
selected target nonrandom length fragments. One method uses the a full length 
30 capture probe prepared as described in Example 3, another uses a rmmber of 

chemically synthesized capture probes prepiu-ed with biocin covalently attacihed. For 
cither method the procedure is Idcniical. A 10 j^L sample containing a single foil- 
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length biotinylated capture probe or a mixture of smaller, synthetic, biounylatcci 
capcute probes is mixed with 10 of nonrandoiii fragments in an annealing buffer 
consislJijg of SUOmM NaCI, lOniM Tris, and ImM UDTA pH 7.5, The mixnire is 
heated in a boiling-H^O bath for 10 min, and then quickly placed in an ice-ILO bath. 
The mixture is then transferred to a pre-heatcd thennal block ai 42 'C (the 
temperature is adjusted depending on the T^ of the capiure probe or probes) and 
incubated for 1 hout*. The soluticm is then allowed to cool and then mixed with 
^[repiavidin-coacBd magnetic beads. Binding to the beads take^ place according to the 
procedure described in Example 3. After the binding step, in place of the alkaline 
denaturation step, ibc bound, hybridized nonrandoni fragments are washed with a 
volatile buffer such as 1 M NH^HCOj. After 6 cycles of resuspension in 1 M 
NItHCOj» magnetic precipitation, and removal of the supernatant, the beads are 
resuspended in 10 of deionizcd H^O and heated to 65 'C for 5 nnin, in tjrder to 
releasfe the nonrandom fragments from the bound biotinyJated strand. The beads arc 
quickly precipitated from the warm solmion and the siipematant contaming the 
nonrandom fragments is transferred to another mbe. The solution of nonrandom 
fragments is dried to remove excess volatile buffer and then analyzed by mass 
spectrometry as described in Example 11. 

An example of caphire and analysis of nonrandom length fragments is shown 
in FIG. 17. The source DN A in this case is a section of the coding sequence for the 
p53 gene. A 184 base long PCR product is produced iuf in Example !• amplifying 
p53 from codon 232 to 292 containing a heterozygous point mutation in codon 248, 
CGG->CAG. The double-stranded PCR product is digested using the restriction 
enzyme Mnl 1 under conditions described in Example 5. A fiill length capture probe 
of rhe negative strand is produced as in Example 3. and the nnurandom length 
fragments derived from the positive strand are captured and purified as described 
above. The purified siiigle-stranded fragments are analyzed as described in Example 
11. Shown in FIG. 16 are the 5 single-stranded positive ft^gments produced from 
an Mnl I digest of the wild type 184 base long PCK product. By performing single- 
scranded isoladon the five similarly siaed negative strand fragments are eliminated 
from the spectra and all of the fragments arc ftilly ittsolved. 
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SfaowD in FIG. 18 is a magnification of the spectra »amining the 26 base long 
fragmenx diat> in the heterozygous mutation case, cuntains the G->A mismatch. 
Shown are two clearly resolved peaks with a mtkss difference of 16 Da, exactly xivt 
difference between G and A and thus confirming the presence of a muiation. The 
5 third smaller peak correlates to a salt adduci of the high mass 26 base product and 

emphasizes the need for a p'ocess that stringently removes salt prior to analysis. 

Example 10* AlteritativeFurifiratlon Method for Mismatch-Specific Nonrandom 
Length Fra^ents* 

10 

The purification of nonrandom fragments that were produced by a mutation- 
specific cleavage, e.g. chemical cleavage ai mismatch siteii, can be achieved in an 
aheroadve way. In diis case the fnigmeniaiion is pcriormed un u PGR product that 
has one solid- phase capturable strand, e.g. coniaining biotin, and that is also able to 

15 be cleaved from the solid support* e,g. a bridgmg phosphorothioate linkage contained 

in the primer region [Mag ec al., Nucleic Acids Res. 19(7): 1437*1441 (1991)1. As 
an example of this method, a PGR reaction is performed as described in Example 1, 
but with one of the primers coniaining a 5*-end biotin modification and also a 
bridging phosphorothioate linkage located 3-S bases from tl^e 3 '-end, and tlie other 

20 primer a normal one. After amplification the PGR product is subjected lo a mutation^ 

specific fragmenution tnethod directly since» for heterozygous mutations, mismatch- 
containing heteroduplexes are formed in siiu during the PGR. In order to check for 
the possibility of a homozygous mutation, the sample is mixed with an equal amount 
of wild type control, annealed and then subjected io the fragmentation reaction. The 

25 material recovered from the fragmentation rcacLium is purified and made single- 

stranded by the method described in Example 3. In this case, after the denaturing 
step, the products are released from the magnetic heads after several H^O washes by 
treatment with 5 fiL of 0.02 mM AgNO, and incubating at 45 *G for 15 min. The 
Ag+ ions are sequestered by the addition of I fxL of 100 mM DTT. The samples 

30 are dried to remove excess DTT and then analyzed by mass spectrometry by The 

mcttioJ described in Example 11. 
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Example 11. Mass Spectrometry Aua))fiu. 

The nucleic acid saujple to be analyzed is typicaJJy mixed wilh an eqxial 
voiunis nf maiiix solution consisting of 0.5 M 3-hydruxypicolinic acid O-HPA) and 
50 m.Vf dianmionium hydrogen ci(r«te. Typically a 1 fxl portion of che ssimple i$ 
applied the mass spectrometer sample stage and ailovwjd to dry under a gentle 
stream of nitrogen gas at room lemperatutc. When the sanqile has coraplcicly dried 
to form ciystaJs (typically 5 min.) the sample is inserted into the ma.s.s spectrometer 
for analysis. The usual analysis conditions employ the use of a Nd:YAG Jascr 
operating at 266 icn with an average pulse energy of 50 mJ/cm-. An average of 100 
laser shots is typically used to obtain a spcctrtun. 

AU publications and patcm applications mentioned in this speclficatiod are 
herein Incotporated by rclcrence to the same extent as if each individual publication 
or patent application was specifically and individually indicated to he uicoiparated by 
reference. 

The invention now being fiilly dcsciibed, k will be apparvm to one of ordinaiy 
skill in the an that maiy changes and modiflcation.<! can be made thereto without 
departing from the spirit or scope of the invention and tlie appended claims. 
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(B) FILING DATE; MARCH 4, 1997 

(C) CLASSIFICATION: 

35 (Vii) PRIOR APPLICATON DATA 

(A) APPLICATION NUMBER: 60/012,752 
(3) FILING DATE: MARCH 4, 1596 

(viii) ATTCRNEY/AGENT INFORMATION: 
40 (A) NAMHi lTACKIE N. NAKAMURA 

(3} REGISTRATION HUNBBR: 3 5,966 

(C) REFERENCE/DOCKET NUMBER: GNTR- 001/01V7O 

(ix) TELECOMMUNICATION INFORMATION: 
45 (A) TELEPHONE; 415-843-5214 

(B) TELEFAX: 414-Bb7-0663 
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(2) INFORKATION FOR SEQ ID NO: 1: 

■i) SEQUENCE CHARACTERISTICS: 

{A; LENGTH; 10 nucieoLidea 
ia: TYPE: nucleic oci6 
•:cj STRANDEDNESS : single 
(d; TOPOLOGY: linear 

(ii) MQLECULE TYFR ; DNA, RNA 

(iiij HYPOTHSTI C/a.: YES 

(iv) ANTJ- SENSE: NC 

(v) FEAT-JREj 

(A> NAME /KEY: 
fJB) LOCATIOW; 

fvij SEOUE^TCE DESCRIPTION: SEQ IV NO: 1: 

(3) INFORMATION FOR SEQ IH NO: 2: 

{i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 10 nuclectidf^r. 
is) TYPE: nucleic acid 
IC) STRANDEDNESS : single 
(D) TOPOLOGY; linear 

(ii} XOLECULi:: TYPE: DNA, RNA 

(ill) MYPCTEETICAL: YES 

(iv) ANTI-SENSS: NO 

fv) FEATURE : 

(A) NAME/KEY: 
tB) rX^CATION: 

(vi) SEQUENCE DESCRIPTION: &EQ ID NO: 2: 

GACGGCCAAA 



(4; INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDKESSJ : single 

(D) 'i'OPOLOGY: linear 



(ii) MOLECULE TYPE: DNA, RNA 
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(iii) kypothettc:at.: yrr 

(iv; AK"TI-SENSE: NO 

(v) FEATURE t 

(A) NAME/KEV: 

(B) LOCATION: 

(vi) SEQUENCE DESCRIPTION; SEC ID NO: 2: 
TTTGGCCGTC 
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CLAIM : 

1 A method of delecting mutations in a target nucleic acid comprising: 

obtaining from said target nucleic acid a set of nonrandoni kngtb fragraems 
(NLFs) in singlc^stranded form, wherein said set comprises NLF5 
derived from one of either the positive or the negative strand of Raid 
target nucleic acid or said set is a subset of single-stranded NLFs 
derived from both the positive and the negative strand of said target 
micleic acid, 

determining masses of the members of said set using mass spectrometry. 

2. The method of claim 1 wherein at least one member of said set of single- 
scranded NLFs optionally has one or more nucleotides rqjiaced with mass -modified 
nucleoiides. 

3. The method of claim 2 wherein said determining step optionally further 
comprises 

utilizing totemal self-calibrams to provide improved mass accuracy. 

4. The method of claim 3 wherein said target uudeic acid is single-stranded and 
said obmining step further comprises: 

hybridizing said single-.strandcd target nucleic acid to one or more sets of 
fragmenting probes to foiro hybrid target nucleic acid/fragmenting 
probe complexes comprising at leajrt one double-stranOed region and 
<i( least one single-stranded region » 

nonrandomly fragmenting said target nucleic acid by cleaving said hybrid 
target nucleic aeid/fragnientbg probe complexes at every single- 
SLranded region ^vlth at least one single-strand-specific cleaving reagent 
to form a set of NLFs. 

5. The method of claim 4 wherein said set of fragmenting pwbesi leaves sinele- 
stTdnded gaps between duuble-strandcd regions formed by hybridization of said set 
of fragmenting probes to said target nujleic acid. 



wo 97/33000 PCT/US97/03499 

66. 

6. The method of claijn S wherein said liybrklizing seep further comprises: 
providing two sets of single-.siranded target nucleic acid and 

separaiely hybridizing a first set of fragmenting probes to a first set of single- 
stranded target nucleic acid and a second sset of fragnieiititig probes co 
a second set of single-strdiided tEiiget nucleic acid, wherein said 
members ol' !>aid sccund set of fragmenting prober comprise at least 
one singlc-strandcd nucteoiidc sequence complementary' to regions of 
said target nucleic acid that ate not ctmiplementaiy ir> any nucleutj<le 
sequences tn any members of said first set of fragmenting probes. 

7. The method of claim 6 wherein said members of said first set of fragmenting 
prober comprise nucleotide sequences that overlap with nucleoLidc sequences of 5aid 
members of said second £et of fragmenting prober. 

8. The method of claim 4 wherein said single-strand-specific cleaving reagent is 
a single-strand^specific endomiclease. 

9. The method of claim 4 wherein said single-sirand-spcclfic cleaving reagents 
are single-strand specific chemical cleaving reagents. 

10. The method of cLaiit) 9 wherein said singlc-$lr4iiid *pc5cifiu chemical cleaving 
reagents are selected from the group consisting of hydroxy lamine, hydrogen peroxide, 
osmium tetroxlde, and potassium permanganate. 

1 1 . The meiliod of claim 4 further cojnprisiug after said tK)tirandomly fi^gmcniiiig 
step; 

hybridizing one or more of said NLFs lo one or more capnire probes, wheieiii 
said Cciptirre probes comprise n sii^lc-slnmded legiuu complementary 
to at least one of said NLFs and a firyl binding moiety » 

binding said first binding moiet>' to a second binding rnniet>' attached to a 
solid sur]])ort. wherein said binding occurs either before or iifter s»ki 
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hybridizing of said Nr,Fs to oik or more capture probes, isolating a sec 
of single-siranded NI-Fs. 



12. The method of claim 4 wherein said fragmenting pmbe.s comprise a siiigle- 
slrantled nudeaiide sequence and a first binding luui&ty, further comprising: 

aiier said nonrandomly fragmenting Rtep» binding said firsi binding moiety to 

a second binding moiety attached to a solid support, and 
isolating said sec of single-stranded NLF:;. 

13. The method of claim 3 wherein said obtaining siep further comprises: 
nonrandomly fragmenting said target nucleic acid with one or mons restriction 

eodonucleases to form a set of >TLFs, hybridizing one or more uf said 
set of NLFs or a subset thereof to one or more oligonucleoiidc probes, 
wherein each of satd oligonucleotide probes comprises a nucleic acid 
comprising a single-stranded region and a first binding moiety, binding 
said fust bindmg moiety lu a second binding moiety attached to a solid 
suppon either before or after said hybridizing stq), and isolating said 
sex or subset of single-stranded NLFs. 

14. The method of claim 13 wherein all of said oligonucleotide probes consist of 
one of either f\}]Mcngth positive or rull-Jength negative single strands of said target 
nucleic acid and s flrst binding moiety. 

15. The method of claim 13 wherein said bindhig between said first binding 
moiety and said second binding moiety is a covalent attachmeiil. 

16. The method of claim 13 wherein one binding moiety is a member selected 
from the group consisting of an antibody, a hormone, an inhibitor, a co-factor 
ponion, a binding Jigand, and a polynucleotide sequence, and ihc other binding 
moiety is a cotiiesponding member selected from the group consisting of an antigen 
capable of recognizing said antibody, a receptor capable of recognizmg said hormonc» 
an enzyme cupablc of recognizing said inhibitor, a cofaclor enzyme binding site 
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capable of recognizing said CD-iactor portion, a subsiratCi capable of recognizing said 
binding iigaiid, aad a cumpleraenary polynuclcodde ^sequence. 

17. The method of claim 13 wherein said isolating ftinher comprises: 

washing said sti of NU^s bound to said solid suppon wiib a solution 
comprising voUiiilc salts selected from the group cojisi&ling of 
ammonium bicarbonate dimethyl ammonhiin bicarbonate and tritncthyl 
ammoniuni bicarbonate. 

IR. The method of claim 3 whercm said target nucleic add is single-stranded and 

wherein said obtaining step iurtber comprises: 

hybridizing said single-stranded target nucleit; acid to one or more resiriction 
site probes to form hybridized target nucleic acids having double* 
stranded regions where said resuiction site probes have hybridized to 
sdid single-stranded target nucleic acid and ac least one single-stranded 
region* nonrandomly fragmenitng said hybridized target nucleic adds 
using one or more resbdction endonucleases that cleave at restriction 
sites within said double-stranded regions. 

19. The method of claim 18 further comprising after said nonrandomly 
fragmmting step, 

hybridizitig said NLFs to one or more capture probes, wherein said capture 
probes comprise a sir^le-stranded region ciimplementarj' to at least one 
of said NLFs and a first binding moiety, binding said first binding 
moiety to u second binding moieQr attached to a solid support, wherein 
said binding occurs either before or after said hybridizing of suid 
NLFs to one or more capnjre probes, isolating a set of single-sirandcd 
NLFs. 



10 



15 



30 



20. The method of claim 19 wherein said cleaved restriction site probes comprise 
a singJe-stranded rejsion complementary to hiilf of a restriction endonuclease site and 
a first binding moiety, and furtlier comprisiiiij alter j^aid nonrandomly fragmenting 
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Step, binding said firsc binding moiety to a second binding moiety attached lo a solid 
support, a:id isolating a sec of single- stroncied NLFs. 

21 The n^erlioil of daim 3 wherein said target nucleic acid is single-Rcrajidud smd 
said ohtaming step furtlter comprises: 

providing cojidiiionsi permitting folding of said single-stranded tiirgei nucleic 
acid lo form a three-dimenMoml stiucnire having intramolecular 
secondary ajid tertiary interactions, 
nonrandomly fiagmcndng said folded target nucleic flcid with at least one 
structure-specific cridonuclease to form a set of single-stranded NLFs, 

modifying either said target nucleic acid or said set of single-stranded NLFs 
such that members of said set of singie-stj:aiKJed NLJs comprise a single-stranded 
nucleotide sequence and ai least one first binding moiety, 

binding said firsc binding moi^y to a second binding moiety attached to a solid 
support t and 

isolating said set of single-stranded NLFs. 

22. The method of claim 3 wherein said target nucleic acid is single-stranded and 
said obtaining step funiier comprises: 

providing conditions permitting folding of said single-stranded target nucleic 
acid to fonn a three-dimensional structure having iutramolecular 
secondary and tertiary interactions, 
nonrandomly fragmenting said folded laigei nucleic acid with at least one 
structure-specific endonuclease to fomi a sci of single-sxranded NLFs, 

hybridizing one or more of said set of NLFs to one or more capture probes, 
wherein said capture probe* comprise a single -stranded nucleotide 
sequence and a first binding moiety, 
binding said rlrst binding moiety to a second binding moiet>' attfxched to a solid 

suppon eiibcr before or after said hybridizing step, and 
tsoliiring a set of single-stranded NLFs. 
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23. The roethoct of claim 21 whrnin said isolated set at siogte-siranded NLRs 
comprise any NLF:^ having a 5' end ot said target nucleic add. 

24. The method uf claim 22 wherein said isolated set of ^tngle-sininiled NLFb 
5 comprise any huvlng zt 5' end of said target nucleic acid. 

25. Tbe method of claim 2\ wherein said siructute-specifk endonuclsase is 
selected from the group consisting of: 

T4 eiidoiiuclease VII ^ RuvC. MulY, and the endonucleolytic activity from the 
10 5'*y exoAUClease subunil uf thezmo-stable polymerases, 

26. The method of claim 3 wherein said target nucleic acid is single-fiti anded atid 
wherein said obtaining step turdier comprises: 

hybridizing said single-stranded target nucleic acid to one or more wild type 
15 probes^ 

nonrandi3imly fragmenting said target nucleic acid with one or more mutation* 
specific cleaving reagents that speciftcaJly cleave at any regions of 
nucleotide mismatch that form between said target nucleic acid and any 
of said wild t>pe probes. 

20 

27. The method of claim 26 wherein said nunrandomty rragin«:nLing sttnp fuitber 
comprises: 

digesting said first set of nourandom iengfli fragments with one or mone 
restriction endonucleases or 
25 cleaving said fti st .set of noorajKloin length fragments with one or more singk* 

strand-specific cleaving reagents. 
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28. The method of claim 26 wherein members of said set of sUigJe-stranded NI-Fs 
comprise a single-stranded region and ai iea&l one first binding moiety, further 
cojnpris^ing after said nonrandomly fragmeDtiog step, binding said first binding mokxy 
to a second binding moiety attached to a solid support, and isolating a $et of single- 
stranded NLPs. 



29. The mechod of claim 26 wherein said obtaining step further comprise.^: 
hybridizing members of said set of NLFs to one or more capture probes, 

wherein said capture probes comiprise a single-stranded nucleotide 
sequence and at least one first binding moiety, binding said firiit 
bindii^ moiety to a second binding moiety attached to a solid support, 
and isolating a set of sttigle-stranded NLFs. 

30. The mefhod of claim 26 wlierein said obtaining step further comprises: 
isolating a set of i^ingle-stranded NLFs comprising any NLFs having a 5' end 

of said target nucleic acid, 

31. A method of detecting mutations in a target nucleic acid comprising: 
Donrandoml}' fragmenting said target micleic acid with one or more restriction 

endnmicloases to form a set of doubie-siranded NLFs. wherein said 
noniandomly fragmenting ftirther comprises using volatile salts in a 
restriction buffer, determining masses of the members of the set of 
double^stranded NLFs, wherein said determining does not involve 
sequencing of said target nucleic acid. 



32. A method of detecting mutations in a double-stranded target nucleic acid 
comprising: 

nonrandoraly fragmenting said target nucleic acid usin^ one or more 
restriction cndumicleases to form a first set of nonrandom length 
fragments (NLFs), 

hybridizing members of tidid first set of NLFs to a set of wild type 

probes, 
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nonrandotnly fraginciHuig one or t»orc meirjber!^ of said sei of NLFs 
wiib one or mere mutation-specific cleaving reagents thai 

specifically cleave ai any regions of nucleocide 
mijsniatch that form between members of said tint sei 
of NLFs and compkmentary members of said sec of 
wild type probes, wherein said nomandomly 
fragmeniing step forms a second set of NLFs, and 

determining masses of members of Baid second set of NLFs using mass 

spectrometry', wherein said determining does not require sequencing of 

$aid target nucleic acid. 



33. Hie method of ciaim 32 further comprising 

obtaining said set of wild type probes by nonrandomiy fragmendag u wild 
type target imcleic acid using (lie same restriction cndonucleases used 
to form ssiid first set of NLFs. 



34. llic method of claim 33 wherein said steps of nonrandomiy fragmeniir^ of 
said target nucleic acid and obtaining said set of wild type fragmenting probes are 
performed simultaneously in a single solution. 

35. The inetliod of claim 32 further compiising before said determining step, 
isolating said second set of NLFs wherein said members of said second set 

comprise double-stranded nucleotide sequences and a first binding 
moiety, and biiKling said first binding moiety to a second binding 
moiety attached to a solid support. 

36. The method of claim 32 further comprising before said determining step» 
isolating said iiecond setofKLFs wtierein said isolaiing comprises hybridizing 

members of said second set of NLFs io one or more capture probes, 
wherein said capture probe «5 comprise a single-.stranded nucleotide 
sequence and a first binding moiety, bindinj! said first binding moiety 
to a second binding moiety uLlJcheU to a $olid support. 
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37. A Tiifithnd of detecting mutaiioas in a target nucleic acid comprising: 

nonrandoiuly fragmenting said cargct nucleic acid, using a solution compruing 
one or more volatile salte to tbrm a s&i ofnoniandoin Ictiffh fragments 
(NLFs), 

deierminuig mai?sfts of members of said set of NLFs using mass spccfttjmetiy , 
wherein said detenniniEig does not involve sequencing of said iaiyet 
nucleic acid. 

3B, A method of decTeasing backgromul noise conq}r]sing 

obtaiDing a sample to he analyzed by a mass spcciroinetct^ 
washing said sample with a solution of volatile salts, and 
evaporating the solution of volatile salts from ttie sample. 

39. A method of obtaining itonraudom length fragments from a target nucleic acid 
comprLsiog: 

hybridizing one or more sets of fragmenting probes to said target nucleic acid 

to form a set of b>'brids» 
cleaving single-stranded regions of members of ijaid set of hybrids. 

40, A kit for detecting mutations in one or more target nucleic acids in a sample 
cmnprising: 

(a) one or more sets of fragmenting probes, wherein said fragmenting 
probes are complementary to a sequence of one or more of said target 
nucleic acids; 

(b) a sing]e-£trand specific cleaving reagent: and 

(c) a solid support capable of isolating said single-stranded lai^et nucleic 
acids that have been nonrahdomly fragmented into single-scranded 
nonrandom length fragments. 



The kit of claim 40, wherein said single-strand specific cleaving reagent is a 
single-strand-specific chemical cleaving reagent selected from the group consisting nf 
hydroxyiamine, hydrogen peroxide, osmim tetroxide, and potassium permanganate. 
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42. The kit of claim 40, wherein said sioglc-scrand specific cleaving reagent is a 
nuclease selected from the group consisting (if Mut^g bean nuclease, Nuclease SI , and 
RNase A. 

5 43. A kit for detecting mutations in one or more target nucleic acids in a sample 

comprising: 

(a) one or nnore sets of restriction site probes, wherein said prober 
comprise a single-stranded sequence capable of hybridizing to a 
sequence of said one or more target nucleic acids; 
10 (b) one or noore restriction endonucleases that cleave at restriction sites 

within said restrictton site probes; and 
(c) a solid support capable of isolating Raid single-stranded Uirget nucieLc 
acids thai hctv<; been nonrandomly fragmented into singlc-scranded 
nonrandom length fragments. 

15 

44. the kit of claim 43, wherein said restriction endonuclease is a Class US 
restriction endoiuiclcaae. 

45. The kit of elainei 43, wherein ifaid restriction site probe comprises two regions, 
20 a first region diat is single-stranded and complementary to a specific sequence within 

said target nucleic acid, and a second region that is double-stranded and contains a 
restriction recognition site for a Class IIS restriction endonuclease. 
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